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INTRODUCTION. 



brief recapitulation of the whole work, and a few con- 
cluding remarks. 

No one ought to feel surprise at much remaining as 
yet unexplained in regard to the origin of species and 
yarieties, if he makes due allowance for our profound 
ignorance in regard to the mutual relations of all the 
beings which live around ua Who can explain why one 
species ranges widely and is very numerous, and why 
another allied species has a narrow range and is rare ? 
Yet these relations are of the highest importance, for 
they determine the present welfare, and, as I believe, 
the future success and modification of every inhabitant 
of this world. Still less do we know of the mutual 
relations of the innumerable inhabitants of the world 
during the many past geological epochs in its history. 
Although much remains obscure, and will long remain 
obscure, I can entertain no doubt, after the most de- 
liberate study and dispassionate judgment of which I 
am capable, that the view which most naturalists enter- 
tain, and which I formerly entertained — ^namely, that 
each species has been independently created — is erro- 
neous. I am fully convinc^ that species are not im- 
mutable ; but that those belonging to what are called 
the same genera are lineal descendants of some other 
and generally extinct species, in the same manner as 
the acknowledged varieties of any one species are the 
descendants of that species. Furthermore, I am con- 
vinced that Natural Selection has been the main but 
not exclusive means of modification. 
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CHAPTEE I. 

Variation under Domestication. 

Causes of Variability — Effects of Habit — Correlation of Growth — 
Inheritance — Character of Domestic Varieties — Difficulty of 
distinguishing between Varieties and Species — Origin of Domestic 
Varieties from one or more Species — Domestic Pigeons, their 
Differences and Origin — Prindple of Selection anciently followed, 
its Effects — Methodical and Unconscious Selection — Unknown 
Origin of our Domestic Productions — Circumstances favourable 
to Man’s power of Selection. 

When we look to the individuals of the same variety or 
sub-variety of our older cultivated plants and animals, 
one of the first points which strikes us, is, that they 
generally differ much more from each other, than do the 
individuals of any one species or variety in a state of 
nature. When we refiect on the vast diversity of the 
plants and animals which have been cultivated, and 
which have varied during all ages under the most 
different climates and treatment, I think we are driven 
to conclude that this greater variability is simply due to 
our domestic productions having been raised under con- 
ditions of life not so uniform as, and somewhat different 
from, those to which the parent-species have been exposed 
under nature. There is, also, I tliink, some probability 
in the view propounded by Andrew Kmght, that this 
variability may be partly connected with excess of food. 
It seems pretty clear that organic beings must be ex- 
posed during several generations to the new conditions 
of life to caus^ any appreciable amount of variation ; 
and that when the organisation has once begun to vary, 
it generally continues to vary for many generations. 
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No case is on record of a variable being ceasing to be 
variable under cultivation. Our oldest cultivated plants, 
such as wheat, still often yield new varieties : our oldest 
domesticated animals are still capable of rapid improve- 
ment or modification. 

It has been disputed at what period of life the causes 
of variability, whatever they may be, generally act; 
whether during the early or late period of development 
of the embryo, or at the instant of conception. Geoffroy 
^St. Hilaire’s experiments show that unnatural treatment 
of the embryo causes monstrosities; and monstrosities 
cannot be separated by any clear line of distinction 
from mere variations. But I am strongly inclined to 
suspect that the most frequent cause of variability may 
be attributed to the male and female reproductive 
elements having been affected prior to the act of con- 
C/Option. Several reasons make me believe in this ; but 
the chief one is the remarkable effect which confine- 
ment or cultivation has on the fimctions of the repro- 
ductive system ; this system appearing to be far more 
susceptible than any other part of the organisation, to 
the action of any change in the conditions of life. No- 
thing is more easy than to tame an animal, and few 
things more difficult than to get it to breed freely under 
confinement, even in the many cases when the male and 
female unite. How many animals there are which will 
not breed, though living long under not very close con- 
finement in their native country! This is generally 
attributed to vitiated instincts ; but how many cultivated 
plants display the utmost vigour, and yet rarely or never 
seed ! In some few such cases it has been found out 
that very trifling changes, such as a little more or less 
water at some particular period of growth, will determine 
whether or not the plant sets a seed. I cannot here 
enter on the copious details which I have collected on 
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this curious subject ; but to show how sipgular the laws 
are which determine the reproduction of animals under 
confinement, I may just mention that carnivorous animals, 
even from the tropics, breed in this country pretty 
freely under confinement, with the exception of the 
plantigrades or bear family ; whereas, carnivorous birds, 
with the rarest exceptions, hardly ever lay fertile eggs. 

Many exotic plants have pollen utterly worthless, in the 
same exact condition as in the most sterile hybrids. 

When, on the one hand, we see domesticated animals 
and plants, though often weak and sickly, yet breeding 
quite freely under confinement ; and when, on the other 
hand, we see individuals, though taken young from a 
state of nature, perfectly tamed, long-lived, and healthy 
(of which I could give numerous instances), yet having 
their reproductive system so seriously aflected by un- 
perceived causes as to fail in acting, we need not be 
surprised at this system, when it does act under con- 
finement, acting not quite regularly, and producing off- 
spring not perfectly like their parents or variable. 

Sterility has been said to be the bane of horticulture ; 
but on this view we owe variability to the same cause 
which produces sterility ; and variability is the source of 
all the choicest productions of the garden. I may add, 
that as some organisms will breed most freely under 
the most unnatural conditions (for instance, the rabbit 
and ferret kept in hutches), showing that their repro- 
ductive system has not been thus affected ; so will some 
animals and plants withstand domestication or cultiva- 
tion, and vary very slightly — perhaps hardly more than 
in a state of nature. y 

A long list could easily be given of “ sporting plants;” j/w 
by this term gardeners mean a single bud or offset, \ I, 
which suddenly assumes a new and sometimes very dif- 
ferent character from that of the rest of the pleint. 
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Such buds can be propagated by grafting, &c., and 
sometimes by seed. These “sports” are extremely 
rare under nature, but far from rare under cultivation ; 
and in this case we see that the treatment of the parent 
has affected a bud or offset, and not the ovules or pollen. 
But it is the opinion of most physiologists that there is no 
essential difference between a bud and an ovule in their 
earliest stages of formation; so that, in fact, “sports” 
support my view, that variabihty may be largely attri- 
buted to the ovules or pollen, or to both, having been 
affected by the treatment of the parent prior to the act of 
conception. These cases anyhow show that variation is 
not necessarily connected, as some authors have sup- 
posed, with the act of generation. 

Seedlings from the same fruit, and the young of the 
same htter, sometimes differ considerably from each 
other, though both the young and the parents, as Muller 
has remarked, have apparently been exposed to exactly 
the same conditions of life ; and this shows how unim- 
portant the direct effects of the conditions of life are in 
comparison with the laws of reproduction, and of growth, 
and of inheritance ; for had the action of the conditions 
been direct, if any of the young had varied, all would 
probably have varied in the same manner. To judge how 
much, in the case of any variation, we should attribute 
to the direct action of heat, moisture, light, food, &c., 
is most difficult : my impression is, that with animals 
such agencies have produced very little direct effect, 
though apparently more in the case of plants. Under | 
this point of view, Mr. Buckman’s recent experiments 
on plants seem extremely valuable. When all or nearly 
all the individuals exposed to certain conditions are 
affected in the same way, the change at first appears to 
be directly due to such conditions ; but in some cases it 
can be shown that quite opposite conditions produce 
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similar changes of structure. Nevertheless some slight 
amount of change may, I think, be attributed to the 
direct action of the conditions of life — as, in some cases, 
increased size from amount of food, colour from par- 
ticular kinds of food and from light, and perhaps the 
thickness of fur from climate. 

Habit also has a decided influence, as in the period 
of flowering with plants when transported from one 
climate to another. In animals it has a more marked 
effect ; for instance, I fin d in the domestic duck that the 
bones of the wing weigh less and the bones of the leg 
more, in proportion to the whole skeleton, than do the 
same bones in the wild-duck ; and I presume that this 
change may be safely attributed to the domestic duck 
flying much less, and walking more, than its wild parent. 
The great and inherited development of the udders in 
cows and goats in countries where they are habitually 
milked, in comparison with the state of these organs 
in other countries, is another instance of the effect of 
use. Not a single domestic animal can be named 
which has not in some country dr ooping ears ; and the \ 
view suggested by some authors, that the drooping is due 
to the disuse of the muscles of the ear, from the animals 
not being much alarmed by danger, seems probable. 

There are many laws regulating variation, some few 
of which can be dimly seen, and will be hereafter briefly 
mentioned. I will here only allude to what may be 
called correlation of growth. Any change in the embryo 
or larva will almost certainly entail changes in the 
mature animal. In monstrosities, the correlations be- 
tween quite distinct parts are very curious ; md many 
instances are given in Isidore Geoffrey St. Hilaire s great 
work on this subject Breeders believe that long limbs 
are almost always accompanied by an elongated head. 
Some instances of correlation are quite whimsical : thus 
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cats with blue eyes are invariably deaf ; colour and con- 
stitutional peculiarities go together, of which many 
remarkable cases could be given amongst animals and 
plants. From the facts collected by Heusinger, it ap- 
pears that white sheep and pigs are differently affected 
from coloured individuals by certain vegetable poisons. 
Hairless dogs have imperfect teeth; long-haired and 
coarse-haired animals are apt to have, as is asserted, long 
or many horns ; pigeons with feathered feet have skin 
between their outer toes ; pigeons with short beaks have 
small feet, and those with long beaks large feet Hence, 
if man goes on selecting, and thus augmenting, any pe- 
culiarity, he will almost certainly unconsciously modify 
other parts of the structure, owing to the mysterious 
laws of the correlation of growth. 

The result of the various, quite unknown, or dimly 
seen laws of variation is infinitely complex and diversified. 
It is well worth while carefully to study the several 
treatises published on some of our old cultivated plants, 
as on the hyacinth, potato, even the dahlia, &c. ; and it 
is really surprising to note the endless points in struc- 
ture and constitution in which the varieties and sub- 
varieties differ slightly from each other. The whole 
organisation seems to have become plasti c, and tends to 
depart in some small degree from that of the parental 
type- 

Any variation which is not inherited is unimportant 
for us. But the number and diversity of inheritable 
deviations of structure, both those of slight and those of 
considerable physiological importance, is endless. Dr. 
Prosper Lucas’s treatise, in two large volumes, is the 
fullest and the best on this subject. No breeder doubts 
how strong is the tendency to inheritance : like produces 
like is his fundamental belief: doubts have been thrown 
on this principle by theoretical writers alone. When a 
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deviation appears not unfrequently, and we see it in the 
father and child, we cannot tell whether it may not be 
due to the same original cause acting on both ; but when 
amongst individuals, apparently exposed to the same 
conditions, any very rare deviation, due to some extraor- 
dinary combination of circumstances, appears in the 
parent — say, once amongst several million individuals — 
and it reappears in the child, the mere doctrine of 
chances almost compels us to attribute its reappearance 
to inheritance. Every one must have heard of cases of 
albinism, prickly skin, hairy bodies, &c., appearing in 
several members of the same family. If strange and 
rare deviations of structure are truly inherited, less 
strange and commoner deviations may he freely ad- 
mitted to be inheritable. Perhaps the correct way of 
viewing the whole subject, would be, to look at the in- 
heritance of every character whatever as the rule, and 
non-inheritance as the anomaly. 

The laws governing inheritance are quite unknown ; 
no one can say why the same peculiarity in different 
individuals of the same species, and in individuals of 
different species, is sometimes inherited and sometimes 
not so ; why the child often reverts in certain characters 
to its grandfather or grandmother or other much more 
remote ancestor ; why a peculiarity is often transmitted 
from one sex to both sexes, or to one sex alone, more 
commonly but not exclusively to the like sex. It is 
a fact of some little importance to us, that peculi- 
arities appearing in the males of our domestic breeds 
are often transmitted either exclusively, or in a much 
greater degree, to males alone. A much more im- 
portant rule, which I think may be trusted, is that, at 
whatever period of life a peculiarity first appears, it 
tends to appear in the offspring at a corresponding age, 
though sometimes earlier. In many cases this could 
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not be otherwise : thus the inherited peculiarities in the 
horns of cattle could appear only in the offspring when 
nearly mature ; peculiarities in the silkworm are known 
to appear at the corresponding caterpillar or cocoon 
stage. But hereditary ^seases and some other facts 
make me believe that the rule has a wider extension, 
and that when there is no apparent reason why a pecu- 
liarity should appear at any particular age, yet that it 
does tend to appear in the offspring at the same period 
at which it first appeared in the parent. I believe this 
rule to be of the highest importance in explaining the 
laws of embryology. These remarks are of course con- 
fined to the first appearance of the peculiarity, and not 
to its primary cause, which may have acted on the 
ovules or male element ; in nearly the same manner as 
in the crossed offspring from a short-homed cow by a 
long-homed bull, the greater length of horn, though 
appearing late in life, is clearly due to the male 
element. 

Having alluded to the subject of reversion, I may 
here refer to a statement often made by naturalists — 
namely, that our domestic varieties, when mn wild, 
gradually but certainly revert in character to their 
aborigind stocks. Hence it has been argued that no 
deductions can be drawn from domestic races to species 
in a state of nature. I have in vain endeavoured to 
discover on what decisive facts the above statement has 
so often and so boldly been made. There would be 
great diflSculty in proving its tmth : we may safely con- 
clude that very many of the most strongly-marked 
domestic varieties could not possibly live in a wild state. 
In many cases we do not know what the aboriginal stock 
was, and so could not tell whether or not nearly perfect 
reversion had ensued. It would be quite necessary, in 
order to prevent the effects of intercrossing, that only a 
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account for our several domestic races by this process, 
we must admit the former existence of the most extreme 
forms, as the Italian greyhound, bloodhound, bull-dog, 
&c., in the wild state. Moreover, the possibility of 
making distinct races by crossing has been greatly ex- 
aggerated. There can be no doubt that a race may be 
modified by occasional crosses, if aided by the careful 
selection of those individual mongrels, which present any 
desired character; but that a race could be obtained 
nearly intermediate between two extremely different 
races or speceies, I can hardly believe. Sir J. Sebright 
expressly experimentised for this object, and failed. The 
offspring from the first cross between two pure breeds 
is tolerably and sometimes (as I have found with 
pigeons) extremely uniform, and everything seems simple 
enough ; but when these mongrels are crossed one with 
another for several generations, hardly two of them will 
be alike, and then the extreme difficulty, or rather utter 
hopelessness, of the task becomes apparent. Certainly, 
a breed intermediate between two very distinct breeds 
could not be got without extreme care and long-con- 
tinued selection ; nor can I find a single case on record 
of a permanent race having been thus formed. 

On the Breeds of the Domestic Pigeon . — Believing 
that it is always best to study some special group, I 
have, after deliberation, taken up domestic pigeons. 
I have kept every breed which I could purchase or 
obtain, and have been most kindly favoured with 
skins from several quarters of the world, more espe- 
cially by the Hon. W. Elliot from India, and by the 
Hon. C. Murray from Persia. Many treatises in dif- 
ferent languages have been published on pigeons, and 
some of them are very important, as being of con- 
siderable antiquity. I have associated with several 
eminent fanciers, and have been permitted to join two 
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the English carrier, the short-faced tumbler, the runt, 
the barb, pouter, and fantail in the same genus ; more 
especially as in each of these breeds several truly- 
inherited sub-breeds, or species as he might have called 
them, could be shown him. 

Great as the differences are between the breeds of 
pigeons, I am fully convinced that the common opinion of 
naturalists is correct, namely, that all have descended 
from the rock-pigeon (Columba livia), including imder 
this term several geographical races or sub-species, which 
differ from each other in the most trifling respects. As 
several of the reasons which have led me to this belief 
are in some degree applicable in other cases, I will here 
briefly give them. If the several breeds are not varieties, 
and have not proceeded from the rock-pigeon, they must 
have descended from at least seven or eight aboriginal 
stocks ; for it is impossible to make the present domestic 
breeds by the crossing of any lesser number : how, for 
instance, could a pouter be produced by crossing two 
breeds unless one of the parent-stocks possessed the 
characteristic enormous crop ? The supposed aboriginal 
stocks must aU have been rock-pigeons, that is, not 
breeding or wfllingly perching on trees. But besides 
C. livia, with its geographical sub-species, only two or 
three other species of rock-pigeons are known ; and these 
have not any of the characters of the domestic breeds. 
Hence the supposed aboriginal stocks must either still 
exist in the countries where they were originally domes- 
ticated, and yet be unknown to ornithologists ; and this, 
considering their size, habits, and remarkable characters, 
seems very improbable; or they must have become 
extinct in the wild state. But birds breeding on preci- 
pices, and good fliers, are unlikely to be exterminated ; 
and the common rock-pigeon, which has the same habits 
with the domestic breeds, has not been exterminated 
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all the best breeders are strongly opposed to this prac- 
tice, except sometimes amongst closely allied sub-breeds. 
And when a cross has been made, the closest selection is 
far more indispensable even than in ordinary cases. If 
selection consisted merely in separating some very dis- 
tinct variety, and breeding from it, the principle would 
be so obvious as hardly to be worth notice ; but its im- 
portance consists in the great effect produced by the 
accumulation in one direction, during successive gene- 
rations, of differences absolutely inappreciable by an 
uneducated eye — differences which I for one have vainly 
attempted to appreciate. Not one man in a thousand 
has accuracy of eye and judgment sufficient to become 
an eminent breeder. If gifted with these qualities, and 
he studies his subject for years, and devotes his lifetime 
to it with indomitable perseverance, he will succeed, and 
may make great improvements ; if he wants any of these 
qualities, he will assuredly fail. Few would readily 
believe in the natmal capacity and years of practice 
requisite to become even a skilful pigeon-fancier. 

The same principles are followed by horticulturists ; 
but the variations are here often more abrupt No one 
supposes that our choicest productions have been pro- 
duced by a single variation from the aboriginal stock. 
We have proofs that this is not so in some cases, in which 
exact records have been kept ; thus, to give a very 
trifling instance, the steadily-increasing size of the com- 
mon gooseberry may be quoted. We see an astonishing 
improvement in many florists’ flowers, when the flowers of 
the present day are compared with drawings made only 
twenty or thirty years ago. When a race of plants is 
once pretty well established, the seed-raisers do not pick 
out the best plants, but merely go over their seed-beds, 
and pull up the “ rogues,” as they call the plants that 
deviate from the proper standard. With animals this 
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and tumblers with these breeds as now existing in 
Britain, India, and Persia, we can, I think, clearly trace 
the stages through which they have insensibly passed, 
and come to differ so greatly from the rock-pigeon. 

Youatt gives an excellent illustration of the effects of 
a course of selection, which may be considered as un- 
consciously followed, in so far that the breeders could 
never have expected or even have wished to have pro- 
duced the result which ensued — namely, the production 
of two distinct strains. The two flocks of Leicester sheep 
kept by Mr. Buckley and Mr. Burgess, as Mr. Youatt re- 
marks, “ have been purely bred from the original stock of 
Mr. BakeweU for upwards of fifty years. There is not a 
suspicion existing in the mind of any one at all ac- 
quainted with the subject that the owner of either of 
them has deviated in any one instance from the pure 
blood of Mr. Bakewell’s flock, and yet the difference 
between the sheep possessed by these two gentlemen is 
so great that they have the appearance of being quite 
different varieties.” 

If there exist savages so barbarous as never to tbink 
of the inherited character of the offspring of their 
domestic animals, yet any one animal particularly useful 
to them, for any special purpose, would be carefully 
preserved during famines and other accidents, to which 
savages are so liable, and such choice animals would thus 
generally leave more offspring than the inferior ones; 
so that in this case there would be a kind of uncon- 
scious selection going on. We see the value set on 
I animals even by the barbarians of Tierra del Fuego, by 
I their killing and devouring their old women, in times of 
dearth, as of less value than their dogs. 

In plants the same gradual process of improvement, 
through the occasional preservation of the best indi- 
viduals, whether or not sufficiently distinct to be ranked 
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or modify most of our plants up to their present standard 
of usefulness to man, we can understand how it is that 
neither Australia, the Cape of Good Hope, nor any other 
region inhabited by quite uncivilised man, has afforded us 
a single plant worth culture. It is not that these corm- 
tries, so rich in species, do not by a strange chance possess 
the aboriginal stocks of any useful plants, but that the 
native plants have not been improved by continued se* 
lection up to a standard of perfection comparable with 
that given to the plants in countries anciently civilised. 

In regard to the domestic animals kept by uncivilised 
man, it should not be overlooked that they almost 
always have to struggle for their own food, at least 
during certain seasons. And in two countries very dif- 
ferently circumstanced, individuals of the same species, 
having slightly different constitutions or structure, would 
often succeed better in the one country than in the 
other, and thus by a process of “ natural selection,” as 
will hereafter be more fully explained, two sub-breeds 
might be formed. This, perhaps, partly explains what 
has been remarked by some authors, namely, that the 
varieties kept by savages have more of the character of 
species than the varieties kept in civilised countries. 

On the view here given of the all-important part which 
selection by man has played, it becomes at once obvious, 
how it is that our domestic races show adaptation in their 
structure or in their habits to man’s wants or fancies. 
We can, I think, further understand the frequently 
abnormal character of our domestic races, and likewise 
their differences being so great in external characters 
and relatively so slight in internal parts or organs. 
Man can hardly select, or only with much diflSculty, any 
deviation of structure excepting such as is externally 
visible ; and indeed he rarely cares for what is internal. 
He can never act by selection, excepting on variations 
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sufficient, wth extreme care, to allow of the accumulation 
of a large amount of modification in alnj^st any desired 
direction. But as variations manifestly useful or pleasing 
to man appear only occasionally, the chance of their ap- 
pearance will be much increased by a large number of 
individuals being kept ; and hence this comes to be of 
the highest importance to success. On this principle 
Marshall has remarked, with respect to the sheep of parts 
of Yorkshire, that “ as they generally belong to poor 
people, and are mostly in small lots, they never can be 
improved.” On the other hand, nurserymen, from raising 
large stocks of the same plants, are generally far more 
successful than amateurs in getting new and valuable 
veuieties. The keeping of a large number of individuals 
of a species in any country requires that the species 
should be placed under favourable conditions of life, so 
as to breed freely in that country. When the individuals 
of any species are scanty, all the individuals, whatever 
their quality may be, will generally be allowed to breed, 
and this will effectually prevent selection. But probably 
the most important point of all, is, that the animal or 
plant should be so highly useful to man, or so much 
valued by him, that the closest attention should be 
paid to even the slightest deviation in the qualities or 
structure of each individuah Unless such attention 
be paid nothing can be effected. I have seen it gravely 
remarked, that it was most fortunate that the straw- 
berry began to vary just when gardeners began to attend 
closely to this plant. No doubt the strawberry had 
always varied since it was cultivated, but the slight 
varieties had been neglected. As soon, however, as 
gardeners picked out individual plants with slightly 
larger, earlier, or better fruit, and raised seedlings from 
them, and again picked out the best seedlings and 
bred from them, then, there appeared (aided by some 
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To sum up on the origin of our Domestic Eaces of 
animals and plants. I believe that the conditions of 
life, from their action on the reproductive system, are 
so far of the highest importance as causing variability. 
I do not believe that variability is an inherent and 
necessary contingency, under all circumstances, with all 
organic beings, as some authors have thought. The 
effects of variability are modified by various degrees of 
inheritance and of reversion. Variability is governed 
by many unknown laws, more especially by that of cor- 
relation of growth. Something may be attributed to 
the direct action of the conditions of life. Something 
must be attributed to use and disuse. The final result 
is thus rendered infinitely complex. In some cases, I 
do not doubt that the intercrossing of species, aborigin- 
ally distinct, has played an important part in the origin 
of our domestic productions. When in any coimtry 
several domestic breeds have once been established, 
their occasional intercrossing, with the aid of selection, 
has, no doubt, largely aided in the formation of new 
sub-breeds ; but the impoiiance of the crossing of 
varieties has, I believe, been greatly exaggerated, both 
in regard to animals and to those plants which are pro- 
pagated by seed. In plants which are temporarily pro- 
pagated by cuttings, buds, &c., the importance of the 
crossing both of distinct species and of varieties is im- 
mense ; for the cultivator here quite disregards the ex- 
treme variability both of hybrids and mongrels, and the 
frequent sterility of hybrids ; but the cases of plants not 
propagated by seed are of little importance to us, for 
their endurance is only temporary. Over all these 
causes of Change I am convinced that the accumu- 
lative action (ff Selection, whether applied methodically 
and more quickly, or unconsciously and more slowly, 
but more efficiently, is by far the predominant Power. 



44 



VAKIATION UNDER NATURE. 



Chap. II. 



CHAPTER n. 

Variation under Nature. 

Variability — Individual differences — Doubtful species — Wide 
much diffused, and common species vary most — Spe- 
cies of the larger genera in any country vary more than the species 
of the smaller genera — Many of the species of the larger genera 
resemble varieties in being very closely, but unequally, related 
to each other, and in having restricted ranges. 

Before applying the principles arrived at in the last 
chapter to organic beings in a state of nature, we must 
briefly discuss whether these latter are subject to any 
variation. To treat this subject at all properly, a long 
catalogue of dry facts should be given ; but these I shnll 
reserve for my future work. Nor shall I here discuss 
the various definitions which have been given of the 
term species. No one definition has as yet satisfied aU 
naturalists; yet every naturalist knows vaguely what 
he means when he speaks of a species. Generally the 
term includes the unknown element of a distinct act of 
creation. The term “ variety ” is almost equally difficult 
to define; but here community of descent is almost 
umversally implied, though it can rarely be proved. 
We have also what are called monstrosities ; but they 
graduate into varieties. By a monstrosity I presume is 
meant some considerable deviation of structure in one 
part, either injurious to or not useful to the species, and 
not generally propagated. Some authors use the term 
“variation” in a technical sense, as implying a modificar 
tion directly due to the physical conditions of life ; and 
“ variations ” in this sense are supposed not to ^ in- 
herited : but who can say that the dwarfed condition of 
shells in the brackish waters of the Baltic, or dwarfed 
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plants on Alpine summits, or the thicker fur of an 
animal from far northwards, would not in some cases be 
inherited for at least some few generations ? and in this 
case I presume that the form would be called a variety. 

Again, we have many slight differences which may be 
called individual differences, such as are known fre- 
quently to appear in the offspring from the same parents,!' 
or which may be presumed to have thus arisen, froml 
being frequently observed in the individuals of the same I 
species inhabiting the same confined locality. No one 
supposes that all the individuals of the same species are 
cast in the very same mould. Thesemdiyidual differ- 
ences are highly important for us, as they afford mate- 
rials for natural selection to accumulate, in the same 
manner as man can accumulate in any given direction 
individual differences in his domesticated productions. 
These individual differences generally affect what natu- 
ralists consider unimportant parts ; but I could show by 
a long catalogue of facts, that parts which must be called 
important, whether viewed imder a physiological or clas- 
sificatory point of view, sometimes vary in the indivi- 
duals of the same species. I am convinced that the most 1 
experienced naturalist would be surprised at the number I 
of the cases of variability, even in important parts of i 
structure, which he could collect on good authority, as I 
have collected, during a course of years. It should be 
remembered that systematists are far from pleased at 
finding variability in important characters, and that there 
are not many men who will laboriously examine internal 
and important organs, and compare them in many speci- 
mens of the same species. I should never have expected 
that the branching of the main nerves close to the great 
central ganglion of an insect would have been variable 
in the same species; I should have expected that 
^ changes of this nature could have been effected only 
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Those forms which possess in some considerable 
degree the character of species, but which are so closely 
similar to some other forms, or are so closely linked to 
them by intermediate gradations, that naturalists do not 
like to rank them as distinct species, are in several re- 
spects the most important for us. We have every reason 
to believe that many of these doubtful and closely-aUied 
forms have permanently retained their characters in 
their own country for a long time ; for as long, as far 
as we know, as have good and true species. Practi- 
cally, when a natmnlist can unite two forms together 
by others having intermediate characters, he treats the 
one as a variety of the other, ranking the most common, 
but sometimes the one first described, as the species, 
and the other as the variety. But cases of great diffi- 
culty, which I will not here enumerate, sometimes 
occur in deciding whether or not to rank one form as 
a variety of another, even when they are closely con- 
nected by intermediate links ; nor will the commonly- 
assumed hybrid nature of the intermediate liuka always 
remove the difficulty. In very many cases, however, 
one form is ranked as a variety of another, not because 
the intermediate links have actually been found, but 
because analogy leads the observer to suppose either 
that they do now somewhere exist, or may formerly 
have existed ; and here a wide door for the entry of 
doubt and conjecture is opened. 

Hence, in determining whether a form should be 
ranked as a species or a variety, the opinion of natural- 
ists having sound judgment and wide experience seems 
the only guide to follow. We must, however, in many 
cases, decide by a majority of naturalists, for few well- 
marked and well-known varieties can be named which 
have not been ranked as species by at least some com- 
petent judges. 
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general tendency will be to make many species, for he 
will become impressed, just like the pigeon or poultrj'- 
fancier before alluded to, with the amount of difference 
in the forms which he is continually studying ; and he 
has little general knowledge of analogical variation in 
other groups and in other countries, by which to correct 
his first impressions. As he extends the range of his 
observations, he will meet with more cases of difficulty ; 
for he will encounter a greater number of closely-allied 
forms. But if his observations be widely extended, he 
udll in the end generally be enabled to make up his own 
mind which to call varieties and which species ; but he 
will succeed in this at the expense of admitting much 
variation, — and the truth of this admission will often be 
disputed by other naturalists. When, moreover, he 
comes to study allied forms brought from countries not 
now continuous, in which case he can hardly hope to 

! find the intermediate links between his doubtful forms, 
he will have to trust almost entirely to analogy, and his 
difficulties will rise to a climax. 

Certainly no clear line of demarcation has as yet 

i been drawn between species and sub-species — that is, 
the forms wliich in the opinion of some naturalists come 
very near to, but do not quite arrive at the rank of 
species ; or, again, between sub-species and well-marked 
varieties, or between lesser varieties and individual dif- 
|| ferences. These differences blend into each other in an 
ill insensible series ; and a series impresses the mind with 

i the idea of an actual passage. 

Hence I look at individual differences, though of 
p small interest to the systemaBst, as ofltigh importance 
J for us, as being the first step towards such slight varieties 
J as are barely thought worth recording in works on natural 
y history. And I look at varieties which are in any degree 
I more distinct and permanent, as steps leading to more 
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strongly marked and more permanent varieties ; and at 
these latter, as leading to sub-species, and to species. 
The passage from one stage of difference to another and 
higher stage may be, in some cases, due merely to the 
long-continued action of different physical conditions in 
two different regions; but I have not much faith in 
this view ; and I attribute the passage of a variety, from 
a state in which it differs very slightly from its parent 
to one in which it differs more, to the action of natural 
selection in accumulating (as will hereafter be more fully 
explained) differences of structure in certain definite 
directions. Hence I believe a well-marked variety may be 
justly called an incipient species ; but whether this belief 
be justifiable must be judged of by the general m eight of 
the several facts and views given throughout this work. 

It need not be supposed that all varieties or incipient 
species necessarily attain the rank of species. They may 
whilst in this incipient state become extinct, or they may 
endure as varieties for very long periods, as has been 
shown to be the case by Mr. Wollaston with the varie- 
ties of certain fossil land-shells in Madeira. If a variety 
were to flourish so as to exceed in numbers the parent 
species, it would then rank as the species, and the spe- 
cies as the variety ; or it might come to supplant and 
exterminate the parent species ; or both might co-exist, 
and both rank as independent species. But we shall 
hereafter have to return to this subject. 

From these remarks it will be seen that I look at the 
term species, as one arbitrarily given for the sake of con- 
venience to a set of individuds closely resembling each 
other, and that it does not essentially differ fi-om the 
term variety, which is given to less distinct and more 
fluctuating forms. The term variety, again, in com- 
parison with mere individual differences, is also applied 
arbitrarily, and for mere convenience sake. 
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CHAPTER m. 

Stbuogls fob Existekce. 

Beara on natural selection — ^The term used in a wide sense — Geo- 
metrical powers of increase — Rapid increase of naturalised 
animals and plants — Nature of the checks to increase — Compe- 
tition universal — Effects of climate — Protection from the 
number of individuals — Complex relations of all animals and 
plants throughout nature — Struggle for life most severe between 
individuals and varieties of the same s()ecies ; often severe be- 
tween species of the same genus — The relation of organism to 
organism the most important of all relations. 

Before entering on the subject of this chapter, I must 
make a few preliminary remarks, to show how the 
struggle for existence bears on Natural Selection. It 
has been seen in the last chapter that amongst organic 
beings in a state of nature there is some individual vari- 
ability ; indeed I am not aware that this has ever been 
disputed. It is immaterial for us whether a multitude 
of doubtful forms be called species or sub-species or vari- 
eties ; what rank, for instance, the two or three himdred 
doubtful forms of British plants are entitled to hold, if 
the existence of any well-marked varieties be admitted, 
j But the mere existence of individual variability and of 
I some few well-marked varieties, though necessary as 
the foundation for the work, helps us but little in 
understanding how species arise in nature. How have 
all those exquisite adaptations of one part of the organ- 
isation to another part, and to the conations of life, and 
of one distinct organic being to another being, been per- 
fected? We see these beautiful co-adaptations most 
plainly in the woodpecker and missletoe; and only a 
little less plainly in the humblest parasite which clings 
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to the hairs of a quadruped or feathers of a bird ; in the 
structure of the beetle which dives through the water ; 
in the plumed seed which is wafted by the gentlest 
breeze ; in short, we see beautiful adaptations every- 
where and in every part of the organic world. 

Again, it may be asked, how is it that varieties, wliich 
I have called incipient species, become ultimately con- 
verted into good and distinct species, which in most 
cases obviously differ from each other far more than do 
the varieties of the same species? How do those groups 
of species, which constitute what are called distinct 
genera, and which differ from each other more than do 
the species of the same genus„ arise ? All these results, 
as we shall more fully see in the next cliapter, foUow 
inevitably from the struggle for hfe. Owing to this 
struggle for life, any variation, however slight and from 
whatever cause proceeding, if it be in any degree pro- 
fitable to an individual of any species, in its infinitely 
complex relations to other organic beings and to ex- 
ternal nature, wiU tend to the preservation of that indi- 
vidual, and will generally be inherited by its offspring. 
The offspring, also, wiU thus have a better chance of 
surviving, for, of the many individuals of any species 
which are periodicaUy bom, but a smaU number can 
survive. I have caUed this principle, by which each 
sUght variation, if useful, is preserved, by the term of 
Natural Selection, in order to mark its relation to man’s 
power of selection. We have seen that man by selec- 
tion can certainly produce gi-eat results, and can adapt 
organic beings to his ovm uses, through the accumula- 
tion of slight but useful variations, given to him by the 
hand of Nature. But Natural Selection, as we shall 
hereafter see, is a power incessantly ready for action, 
and is as immeasurably superior to man’s feeble efforts, 
as the works of Nature are to those of Art. 
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places would have been seized on by intruders. In such 
case, every slight modification, which in tlie course of 
ages chanced to arise, and which in any way favoured 
the individuals of any of the species, by better adapting 
them to their altered conditions, would tend to be pre- 
served ; and natural selection would thus have free 
scope for the work of improvement 

We have reason to believe, as stated in the first 
chapter, that a change in the conditions of life, by 
specially acting on the reproductive system, causes or 
increases variability; and in the foregoing case the 
conditions of life are supposed to have imdergone a 
change, and this would manifestly be favourable to 
natural selection, by giving a better chance of profitable 
variations occurring ; and unless profitable variations do 
occur, natural selection can do nothing. Not that, as I 
believe, any extreme amount of variability is necessary ; 
as man can certainly produce great resiilts by adding 
up in any given direction mere individual differences, 
so could Nature, but far more easily, from having incom- 
parably longer time at her dispo^ Nor do I believe 
that any great physical change, as of climate, or any 
unusual degree of isolation to check immigration, is 
actually necessary to produce new and unoccupied 
places for natural selection to fill up by modifjnng 
and improving some of the varying inhabitants. For 
as all the inhabitants of each country are struggling 
together with nicely balanced forces, extremely ^’ght 
modifications in the structure or habits of one inha- 
bitant would often give it an advantage over others; 
and still further modifications of the same kind would 
often still further increase the advantage. No coimtry 
can be named in which aU the native inhabitants are 
now so perfectly adapted to each other and to the 
physical conditions under which they live, that none of 
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them could anyhow be improved ; for in all countries, 
the natives have been so far conquered by naturalised 
productions, that they have allowed foreigners to take 
firm possession of the land. And as foreigners have 
thus everywhere beaten some of the natives, we may 
safely conclude that the natives might have been mo- 
dified with advantage, so as to have better resisted such 
intruders. 

As man can produce and certainly has produced a 
great result by his methodical and unconscious means 
of selection, what may not nature effect ? Man can act 
only on external and visible characters: nature cares 
nothing for appearances, except in so far as they may 
be useful to any being. She can act on every internal 
i organ, on every shade of constitutional difference, on the 
I whole machinery of life. Man selects only for his own 
i good ; Nature only for that of the being which she tends, 

jl Every selected character is fully exercised by her ; and 

I the being is placed vmder well-suited conditions of life, 
p Man keeps the natives of many climates in the same 
I country; he seldom exercises each selected character 
in some peculiar and fitting manner; he feeds a long 
^ and a short beaked pigeon on the same food; he 

I does not exercise a long-backed or long-legged qua- 

^ druped in any peculiar manner; he exposes sheep 

I with long and short wool to the same climate. He 

I does not allow the most vigorous males to struggle 

I for the females. He does not rigidly destroy all in- 

g ferior animals, but protects during each varyi^ season, 

^ as far as lies in his power, all his productions. He 

H often begins his selection by some half-monstrous form ; 

L| or at least by some modification prominent enough to 

g catch his eye, or to be plainly useful to him. Under 

I nature, the slightest difference of structure or consti- 
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young in relation to the parent, and of the parent in 
relation to the young. In social animals it will adapt 
the structure of each individual for the benefit of the 
commxmity ; if each in consequence profits by the selected 
change. What natural selection cannot do, is to modify 
the structure of one species, without giving it any 
advantage, for the good of another species ; and though 
statements to this effect may be found in works of 
natural history, I cannot find one case which will bear 
investigation. A structure used only once in an animal’s 
whole life, if of high importance to it, might be modi- 
fied to any extent by natural selection ; for instance, 
the great jaws possessed by certain insects, and used 
exclusively for opening the cocoon— or the hard tip to 
the beak of nestling birds, used for breaking the egg. 
It has been asserted, that of the best short-beaked 
tumbler-pigeons more perish in the egg than are able to 
get out of it ; so that fanciers assist in the act of hatch- 
ing. Now, if nature had to make the beak of a full- 
grown pigeon very short for the bird’s own advantage, the 
process of modification would be very slow, and there 
would be simultaneously the most rigorous selection of 
the yoimg birds within the egg, which had the most pow- 
erful and hardest beaks, for all with weak beaks would 
inevitably perish : or, more delicate and more easily 
broken shells might be selected, the thickness of the 
shell being known to vary like every other structure. 

Sexual Selection . — Inasmuch as peculiarities often 
appear under domestication in one sex and become 
hereditarily attached to that sex, the same fact pro- 
bably occurs under nature, and if so, natural selection 
will be able to modify one sex in its functional relations 
to the other sex, or in relation to wholly different 
habits of life in the two sexes, as is sometimes the case 
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clover which is visited by humble-bees alone ; so that 
whole fields of the red clover ofier in vain an abundant 
supply of precious nectar to the hive-bee. Thus it 
might be a great advantage to the hive-bee to have a 
shghtly longer or differently constructed proboscis. On 
^e other hand, I have found by experiment that the 
fertility of clover greatly depends on bees visiting and 
moving parts of the corolla, so as to push the pollen 
on to the stigmatic surface. Hence, again, if humble- 
bees were to become rare in any country, it might 
be a great advantage to the red clover to have a 
shorter or more deeply divided tube to its corolla, so 
that the hive-bee could visit its flowers. Thus I can 
understand how a flower and a bee might slowly be- 
come, either simultaneously or one after the other, 
modified and 'adapted in the most perfect manner to 
each other, by the continued preservation of individuals 
presenting mutual and slightly favourable deviations of 
structure. 

I am well aware that this doctrine of natural selection, 
j exemplified in the above imaginary instances, is open to 
the same objections which were at first urged against 
Sir Charles Lyell’s noble views on “ the modem changes 
of the earth, as illustrative of geology j** but we now 
very seldom hear the action, for instance, of the coast- 
waves, called a trifling and insignificant cause, when 
I applied to the excavation of gigantic valleys or to the 
formation of the longest lines of inland clifis. Natural / i f 
selection can act only by the preservation and accumula- j / i 
tion of infinitesimally small inherited modifications, each * * 
profitable to the preserved being ; and as modern 
geology has almost banished such views as the excava- 
tion of a great valley by a single diluvial wave, so 
will natural selection, if it be a tme principle, banish 
the belief of the continued creation of new organic 
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is an extremely intricate subject. A large amount of 
inheritable and diversified variability is favourable, but 
'' I believe mere individual differences suffice for the work. 
A large number of individuals, by giving a better chance 
for the appearance within any given period of profitable 
variations, will compensate for a lesser amount of vari- 
ability in each individual, and is, I believe, an ex- 
tremely important element of success. Though nature 
grants vast periods of time for the work of natural 
selection, she does not grant an indefinite period ; for 
as all organic beings are striving, it may be said, to 
seize on each place in the economy of nature, if any one 
species does not become modified and improved in a 
corresponding degree with its competitors, it will soon 
be exterminated. 

In man’s methodical selection, a breeder selects Tor 
some definite object, and free intercrossing ^vill wholly 
stop his work. But when many men, without intending 
to alter the breed, have a nearly common standard of 
perfection, and all try to get and breed from the best 
animals, much improvement and modification surely but 
slowly follow from this imconscious process of selection, 
notwithstanding a large amount of crossing with inferior 
animals. Thus it wdl be in nature ; for witliin a con- 
fined area, with some place in its polity not so perfectly 
occupied as might be, natural selection will always tend 
to preserve all the individuals varying in the right direc- 
tion, though in different degrees, so as better to fill up 
the unoccupied place. But if the area be large, its 
several districts will almost certainly present different 
conditions of life ; and tlien if natural selection be mo- 
difying and improving a species in the several districts, 
there will be intercrossing with the other individuals 
of the same species on the confines of each. And in 
this case the effects of intercrossing can hardly be couu- 
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sequently, I cannot doubt that in the course of many 
thousands of generations, the most distinct varieties of 
any one species of grass would always have the best 
chance of succeeding and of increasing in numbers, and 
thus of supplanting the less distinct varieties; and 
varieties, when rendered very distinct from each other, 
take the rank of species. 

The truth of the principle, that the greatest amount 
of life can be supported by great diversification of 
structure, is seen imder many natural circumstances. 
In an extremely small area, especially if freely open to 
immigration, and where the contest between individual 
and individual must be severe, we always find great 
diversity in its inhabitants. For instance, I found that 
a piece of turf, three feet by four in size, wliich had been 
exposed for many years to exactly the same conditions, 
supported twenty species of plants, and these belonged 
to eighteen genera and to eight orders, which shows how 
much these plants differed from each other. So it is with 
the plants and insects on small and uniform islets ; and 
so in small ponds of fresh water. Farmers find that they 
can raise most food by a rotation of plants belonging to 
the most different orders : nature follows what may be 
called a simultaneous rotation. Most of the animals and 
plants which live close round any small piece of ground, 
could live on it (supposing it not to be in any way peculiar 
in its nature), and may be said to be striving to the utmost 
to live there ; but, it is seen, that where they come into the 
closest competition with each other, the advantages of 
diversification of structure, with the accompanying dif- 
ferences of habit and constitution, determine that the 
inhabitants, which thus jostle each other most closely, 
shall, as a general rule, belong to what we call different 
genera and orders. 

The same principle is seen in the naturalisation of 



Chap. IV. 



DIVEBGENCE OF CHARACTER. 



115 



l>lants through man’s agency in foreign lands. It 
might have been expected that the plants which have 
succeeded in becoming naturalised in any land would 
generally have been closely allied to the indigenes ; for 
these are commonly looked at as specially created and 
adapted for their own country. It might, also, perhaps 
have been expected that natmalised plants would have 
belonged to a few groups more especially adapted to 
certain stations in their new homes. But the case is 
very different ; and Alph. De Candolle has well remarked 
in his great and admirable work, that floras gain by 
naturalisation, proportionally with the number of the 
native genera and species, far more in new genera than 
in new species. To give a single instance : in the last 
edition of Dr. Asa Gray’s ‘ Manual of the Flora of the 
Northern United States,’ 260 naturalised plants are 
enumerated, and these belong to 162 genera. We thus 
see that these naturalised plants are of a highly diversified 
nature. They differ, moreover, to a large extent from 
the indigenes, for out of the 162 genera, no less than 100 
genera are not there indigenous, and thus a large pro- 
portional addition is made to the genera of these States. 

By considering the nature of the plants or animals 
which have struggled successfully with the indigenes of 
any country, and have there become naturalised, we 
can gain some crude idea in what manner some of the 
natives woidd have had to be modified, in order to have 
gained an advantage over the other natives ; and we 
may, I think, at least safely infer that diversification of 
structure, amoimting to new generic differences, would 
have been profitable to them. 

The advantage of diversification in the inhabitants of 
the same region is, in fact, the same as that of the 
physiological division of labour in the organs of the 
same individual body — a subject so well elucidated by 
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and the tendency to variability is in itself hereditary, 
consequently they will tend to vary, and generally 
to vary in nearly the same manner as their parents 
varied. Moreover, these two varieties, being only 
slightly modified forms, ^vill tend to inherit those ad- 
vantages which made [their common parent (A) more 
numerous than most of the other inhabitants of the 
same country ; they will likewise partake of those more 
general advantages which made the genus to which the 
parent-species belonged, a large genus in its own country. 
And these circumstances we know to be favomuble to 
the production of new varieties. 

If, then, these two varieties be variable, the most 
divergent of their variations will generally be preserved 
during the next thousand generations. And after this 
interval, variety a' is supposed in the diagram to have 
produced variety which will, owing to the principle 
of divergence, differ more fi'om (A) than did variety 
a}. Variety m' is supposed to have produced two 
varieties, namely w® and «*, differing from each other, 
and more considerably from their common parent (A). 
We may continue the process by similar steps for any 
length of time ; some of the varieties, after each thousand 
generations, producing only a single variety, but in a 
more and more modified condition, some producing two 
or three varieties, and some failing to produce any. 
Thus the varieties or modified descendants, proceeding 
from the common parent (A), will generally go on in- 
creasing in number and diverging in character. In 
the diagram the process is represented up to the ten- 
thousandth generation, and under a condensed and sim- 
plified form up to the fourteen-thousandth generation. 

But I must here remark that I do not suppose that 
the process ever goes on so regularly as is represented in 
the diagram, though in itself made somewhat irregular. 
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I am far from thinking that the most divergent varieties 
will invariably prevail and multiply : a medium form 
may often long endure, and may or may not produce 
more than one modified descendant ; for natural selec- 
tion will always act according to the nature of the 
places which are either unoccupied or not perfectly 
occupied by other beings ; and this will depend on in- 
finitely complex relations. But as a general rule, the 
more diversified in structure the descendants from any 
one species can be rendered, the more places they will 
be enabled to seize on, and the more their modified 
progeny will be increased. In our diagram the line of 
succession is broken at regular intervals by small num- 
bered letters marking the successive forms which have 
become sufficiently distinct to be recorded as varieties. 
But these breaks are imaginary, and might have been 
inserted anywhere, after intervals long enough to have 
allowed the accumulation of a considerable amount of 
divergent variation. 

As all the modified descendants from a common and 
widely-diffused species, belonging to a large genus, will 
tend to partake of the same advantages which made 
their parent successful in life, they will generally go 
on multiplying in number as well as diverging in 
character: this is represented in the diagram by the 
several divergent branches proceeding from (A). The 
modified offspring from the later and more highly im- 
proved branches in the lines of descent, will, it is pro- 
bable, often take the place of, and so destroy, the 
earlier and less improved branches : this is represented 
in the diagram by some of the lower branches not reach- 
ing to the upper horizontal lines. In some cases I do / 
not doubt that the process of modification will be con- 
fined to a single line of descent, and the number of the \ 
descendants will not be increased ; although the amount 
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tween the horizontal lines. After fourteen thousand 
generations, six new species, marked by the letters n 
to z are supposed to have been produced. In each 
genus, the species, which are already extremely dif- 
ferent in character, will generally tend to produce the 
greatest number of modified descendants ; for these will 
have the best chance of filling new and widely different 
I places in the polity of nature : hence in the diagram I 
I have chosen the extreme species (A), and the nearly 
■ extreme species (I), as those which have largely varied, 

I and have given rise to new varieties and species. The 

i| other nine species (marked by capital letters) of our 
fe original genus, may for a long period continue trans- 
I mitting unaltered descendants; and this is shown in 
j the diagram by the dotted lines not prolonged far up- 
^ wards from want of space. 

5 But during the process of modification, represented 
in the diagram, another of our principles, namely that 
I of extinction, will have played an important part. As in 
I each fiiUy stocked country natural selection necessarily 
I acts by the selected form having some advantage in the 
jj struggle for life over other forms, there will be a con- 

I stant tendency in the improved descendants of any one 
species to supplant and exterminate in each stage of 
I descent their predecessors and their original parent 
i For it should be remembered that the competition will 
j generally be most severe between those forms which 
are most nearly related to each other in habits, constitu- 
tion, and structure. Hence all the intermediate forms 
between the earlier and later states, that is between the 
less and more improved state of a species, as well as 
the original parent-species itself, will generally tend to 
become extinct. So it probably will be with many whole 
collateral lines of descent, which will be conquered by 
later and improved lines of descent If, however, the 

G 
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more parent-species are supposed to have descended 
from some one species of an earlier genus. In our 
diagram, this is indicated by the broken lines, beneath 
the capital letters, converging in sub-branches down- 
wards towards a single point; this point representing 
a single species, the supposed single parent of our 
several new sub-genera and genera. 

It is worth while to reflect for a moment on the cha- 
racter of the new species f which is supposed not to 
have diverged much in character, but to have retained 
the form of (F), either unaltered or altered only in a 
slight degree. In this case, its affinities to the other 
fourteen new species will be of a curious and cir cuitous 
nature. Having descended from a form whicETstwd 
between the two parent-species (A) and (I), now sup- 
posed to be extinct and unknown, it will be in some 
degree intermediate in character between the two 
groups descended from these species. But as these two 
groups have gone on diverging in character from the 
type of their parents, the new species (f‘<) will not be 
directly intermediate between them, but rather between 
types of the two groups ; and every naturalist will be 
able to bring some such case before his mind. 

In the diagram, each horizontal line has hitherto been 
supposed to represent a thousand generations, but each 
may represent a million or hundred million generations, 
and likewise a section of the successive strata of the 
earth’s crust including extinct remains. We shall, when 
we come to our chapter on Geology, have to refer again 
to this subject, and I think we shall then see that the 
dia^am throws light on the affinities of extinct beings, 
which, though generally belonging to the same orders, 
or families, or genera, with those now living, yet are 
often, in some degree, intermediate in character between 
existing groups; and we can understand this fact, for 
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Laws of Variation. 

Effects of external conditions — Use and disuse, combined with 
natural selection ; organs of flight and of vision — Acclimatisa- 
tion — Correlation of growth — Compensation and economy of 
growth — False correlations — ^Multiple, rudimentary, and lowly 
organised structures variable — Parts developed in an unusual 
^ manner are highly variable : specific characters more variable 
l| than generic : secondary sexual characters variable — Species of 
I the same genus vary in an analogous manner — Reversions to 
|| long lost characters — Summary. 

i I HAVE hitherto sometimes spoken as if the variations 
— so common and multiform in organic beings under 
domestication, and in a lesser degree in those in a state 
of nature — had been due to chance. This, of course, is 
a whoUy incorrect expression, but it serves to acknow- 
ledge plainly our ignorance of the cause of each parti- 
cular variation. Some authors believe it to be as much 
the function of the reproductive system to produce 
individual differences, or very slight deviations of struc- 
ture, as to make the child like its parents. But the 
much greater variability, as well as the greater fre- 
quency of monstrosities, under domestication or culti- 
vation, than under nature, leads me to believe that 
deviations of structure are in some way due to the 
nature of the conditions of life, to which the parents 
and their more remote ancestors have been exposed 
I during sev eral gen erations. I have remarked in the 
first chapter — but a long catalogue of facts which can- 
not be here given would be necessary to show the truth of 
the remark— that the reproductive system is eminently 
susceptible to changes in the conditions of life ; and to 
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this system being functionally disturbed in the parents, 
I chiefly attribute the varying or plastic condition of 
the offspring. The male and female sexual elements 
seem to be affected before that union takes place which 
is to form a new being. In the case of “sporting” 
plants, the bud, which in its earliest condition does not 
apparently differ essentially from an ovule, is alone 
affected. But why, because the reproductive system is 
disturbed, this or that part should vary more or less, we 
are profoundly ignorant. Nevertheless, we can here 
and there dimly catch a faint ray of light, and we 
may feel sure that there must be some cause for each 
deviation of structure, however slight. 

How much direct effect difference of climate, food, 
&c., produces on any being is extremely doubtful. My 
impression is, that the effect is extremely small in the 
case of animals, but perhaps rather more in that of 
plants. Wo may, at least, safely conclude that such 
influences cannot have produced the many striking 
and complex co-adaptations of structure between one 
organic being and another, which we see everywhere 
throughout nature. Some little influence may be attri- 
buted to climate, food, &c. ; thus, E. Forbes speaks 
confidently that shells at their southern limit, and when 
living in shallow water, are more brightly coloured than 
those of the same species further north or from greater 
depths. Gould believes that birds of the same species 
are more brightly coloured under a clear atmosphere, 
than when living on islands or near the coast So with 
insects, Wollaston is convinced that residence near the 
sea affects their colours. Moquin-Tandon gives a list 
of plants which when growing near the sea-shore have 
their leaves in some degree fleshy, though not elsewhere 
fleshy. Several other such cases could be given. 

The fact of varieties of one species, when they range 
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into the zone of habitation of other species, often i 
acquiring in a very slight degree some of the characters | 
of such species, accords with our view that species of 
all kinds are only well-marked and permanent varieties. 
Thus the species of shells which are confined to tropical 
and shallow seas are generally brighter-coloured than 
those confined to cold and deeper seas. The birds 
which are confined to continents are, according to Mr. 
Grould, brighter-coloured than those of islands. The 
insect-species confined to sea-coasts, as every collector 
knows, are often brassy or lurid. Plants which live 
exclusively on the sea-side are very apt to have fieshy 
leaves. He who believes in the creation of each spe- 
cies, will have to say that this shell, for instance, was 
created with bright colours for a warm sea; but that 
this other shell became bright-coloured by variation 
when it ranged into warmer or shallower waters. 

When a variation is of the slightest use to a being, 
we cannot tell how much of it to attribute to the accu- 
mulative action of natural selection, and how much to 
the conditions of life. Thus, it is well known to fur- 
riers that animals of the same species have thicker and 
better fur the more severe the climate is under which 
they have lived ; but who can teU how much of this I 
difference may be due to the warmest-clad individuals ^ 
having been favoured and preserved during many 
generations, and how much to the direct action of 
the severe climate? for it would appear that climate 
has some direct action on the hair of our domestic 
quadrupeds. 

Instances could be given of the same variety being 
produced under conditions of life as different as can f 
well be conceived ; and, on the other hand, of different 
varieties being produced from the same species under 
the same conditions. Such facts show how indirectly 
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quadrupeds. We may imagine that the early progenitor 
of the ostrich had habits like those of a bustard, and 
that as natural selection increased in successive genera- 
tions the size and weight of its body, its legs were used 
more, and its wings less, until they became incapable 
of flight. 

Kirby has remarked (and I have observed the same 
fact) that the anterior tarsi, or feet, of many male dung- 
feeding beetles are very often broken off ; he examined 
seventeen specimens in his own collection, and not one 
had even a relic left In the Onites apelles the tarsi 
are so habitually lost, that the insect has been described 
as not having them. In some other genera they are pre- 
sent, but in a rudimentary condition. In the Ateuchus 
or sacred beetle of the Egyptians, they are totally defi- 
cient. There is not suflScient evidence to induce us 
to believe that mutilations are ever inherited ; and I 
should prefer explaining the entire absence of the ante- 
rior tarsi in Ateuchus, and their rudimentary condition 
in some other genera, by the long-continued effects of 
disuse in their progenitors ; for as the tarsi are almost 
always lost in many dung-feeding beetles, they must 
be lost early in life, and therefore cannot be much used 
by these insects. 

In some cases we might easily put down to disuse 
modifications of structure which are wholly, or mainly, 
due to natural selection. Mr. Wollaston has discovert 
the remarkable fact that 200 beetles, out of the 550 
species inhabiting Madeira, are so far deficient in wings 
that they cannot fiy ; and that of the twenty-nine 
endemic genera, no less than twenty-three genera have 
aU their species in this condition ! Several facts, namely, 
that beetles in many parts of the world are very fre- 
quently blown to sea and perish ; that the beetles in 
Madeira, as observed by Mr. Wollaston, lie much con- 
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cealed, until the wind lulls and the sun shines ; that 
the proportion of ^vingless beetles is larger on the ex- 
posed Dezertas than in Madeira itself; and especially 
the extraordinary fact, so strongly insisted on by Mr. 
Wollaston, of the almost entire absence of certain large 
groups of beetles, elsewhere excessively numerous, and 
which groups have habits of life almost necessitating 
frequent flight ; — these several considerations have made 

t me believe that the wingless condition of so many 
Madeira beetles is mainly due to the action of natural 
selection, but combined probably with disuse. For 
during thousands of successive generations each indi- 
vidual beetle which flew least, either from its wings 
having been ever so little less perfectly developed or 
from indolent habit, will have had the best chance of 
surviving from not being blown out to sea ; and, on the 
other hand, those beetles which most readily took to 
flight will oftenest have been blown to sea and thus 
have been destroyed. 

The insects in Madeira which are not ground-feeders, 
and which, as the flower-feeding coleoptera and lepidop- 
tera, must habitually use their wings to gain their subsist- 
ence, have, as Mr. Wollaston suspects, their wings not 
at all reduced, but even enlarged. This is quite com- 
patible with the action of natural selection. For when 
a new insect flrst arrived on the island, the tendency 
of natural selection to enlarge or to reduce the wings, 
would depend on whether a greater number of indivi- 
duals were saved by successfully battling with the winds, 
or by giving up the attempt and rarely or never flying. 
As with mariners shipwrecked near a coast, it would 
have been better for the good smmmers if they had 
been able to swim still further, whereas it would have 
been better for the bad swimmers if they had not been 
able to swim at all and had stuck to the wreck. 
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The eyes of moles and of some burrowing rodents are 
rudimentary in size, and in some cases are quite covered 
u^by skin and fur. This state of the eyes is probably 
due to gradual reduction from disuse, but aided perhaps 
by natural selection. In South America, a burrowing 
rodent, the tuco-tuco, or Ctenomys, is even more subter- 
ranean in its habits than the mole ; and I was assured 
by a Spaniard, who had often caught them, that they 
were frequently blind ; one which I kept alive was cer- 
tainly in this condition, the cause, as appeared on dis- 
section, having been inflammation of the nictitating 
membrane. Aa frequent inflammation of the eyes must 
be injurious to any animal, and as eyes are certainly 
I not indispensable to animals with subterranean habits, 
a reduction in their size with the adhesion of the eye- 
lids and growth of fur over them, might in such case be i 
an advantage ; and if so, natural selection would con- | 
stantly aid the effects of disuse. 

It is well known that several animals, belonging to the 
most different classes, which inhabit the caves of Styria 
and of Kentucky, are blind. In some of the crabs the 
foot-stalk for the eye remains, though the eye is gone ; 
the stand for the telescope is there, though the telescope 
with its glasses has been lost. As it is difficult to ima- 
gine that eyes, though useless, could be in any way 
injurious to ftnimals living in darkness, I attribute their ' 
loss wholly to disuse. In one of the blind animals, 
namely, the cave-rat, the eyes are of immense size ; and 
Professor SiUiman thought that it regained, after living 
some days in the light, some slight power of vision. In 
the same manner as in Madeira the wings of some of 
the insects have been enlarged, and the wings of others 
have been reduced by natural selection aided by use 
and disuse, so in the case of the cave-rat natural selec- 
tion seems to have struggled with the loss of light and 
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to have increased the size of the eyes; whereas with 
all the other inhabitants of the caves, disuse by itself 
seems to have done its work. 

It is difficult to imagine conditions of life more similar 
than deep limestone caverns under a nearly similar 
climate ; so that on the common view of the blind ani- 
mals having been separately created for the American 
and European caverns, close similarity in their organisa- 
tion and affinities might have been expected ; but, as 
Schibdte and others have remarked, this is not the case, 
and the cave-insects of the two continents are not more 
closely allied than might have been anticipated from the 
general resemblance of the other inhabitants of North 
America and Europe. On my view we must suppose 
that American animals, having ordinary powers of 
vision, slowly migrated by successive generations from 
the outer world into the deeper and deeper recesses of 
the Kentucky caves, as did European animals into the 
caves of Europe. We have some evidence of this gra- 
dation of habit ; for, as Schiodte remarks, “ HniTnala 
not far remote from ordinary forms, prepare the transi- 
tion from Light to darkness. Next foUow those that are 
constructed for twilight ; and, last of all, those destined 
for total darkness.” By the time that an animal had 
reached, after numberless generations, the deepest re- 
cesses, disuse will on this view have more or less per- 
fectly obliterated its eyes, and natural selection will 
often have effected other changes, such as an increase 
in the length of the antennae or palpi, as a compensa- 
tion for blindness. Notwithstanding such modifications, 
we might expect still to see in the cave-animals of 
America, affinities to the other inhabitants of that con- 
tinent, and in those of Europe, to the inhabitants of 
the European continent And this is the case >vith f 
some of the American cave-animals, as I hear from 1 
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Professor Dana; and some of the European cave- & 
insects are very closely allied to those of the surround- > 
ing country. It would be most difficult to give any ^ 
rational explanation of the affinities of the blind cave- 
animals to the other inhabitants of the two continents 
on the ordinary view of their independent creation. 
That several of the inhabitants of the caves of the 
Old and New Worlds should be closely related, we 
might expect from the well-known relationship of most 
of their other productions. Far from feeling any sur- 
prise that some of the cave-animals should be very 
anomalous, as Agassiz has remarked in regard to the 
blind fish, the Amblyopsis, and as is the case with the 
blind Proteus with reference to the reptiles of Europe, 

I am only surprised that more wrecks of ancient life 
have not been preserved, owing to the less severe com- 
petition to which the inhabitants of these dark abodes 
will probably have been exposed. 

Acclimatisation . — Habit is hereditary with plants, as 
in the period of fiowering, in the amount of rain requi- 
site for seeds to germinate, in the time of sleep, &c., 
and this leads me to say a few words on acclimatisa- 
tion. As it is extremely common for species of the 
same genus to inhabit very hot and very cold countries, 
and as I believe that all the species of the same genus 
have descended from a single parent, if this view be 
correct, acclimatisation must be readily efiected during 
long-continued descent. It is notorious that each 
species is adapted to the climate of its own home: 
species from an arctic or even from a temperate region 
cannot endure a tropical climate, or conversely. So 
again, many succulent plants cannot endure a damp 
climate. But the degree of adaptation of species to 'j 
the climates under which they live is often overrated. | 
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We may infer this from our frequent inability to pre- 
dict whether or not an imported plant will endure our 
climate, and from the number of plants and animals 
brought from warmer countries which here enjoy good 
health. We have reason to believe that species in a 
state of nature are limited in their ranges by the com- 
petition of other organic beings quite as much as, or 
more than, by adaptation to particular climates. But 
whether or not the adaptation be generally very close, we 
have evidence, in the case of some few plants, of their 
becoming, to a certain extent, naturally habituated to 
different temperatures, or becoming acclimatised : thus 
the pines and rhododendrons, raised from seed collected 
by Dr. Hooker from trees growing at different heights 
on the Himalaya, were found in this country to possess 
different constitutional powers of resisting cold. Mr. 
Thwaites informs me that he has observed similar facts 
in Ceylon, and analogous observations have been made 
by Mr. H. C. Watson on European species of plants 
brought from the Azores to England. In regard to 
animals, several authentic cases could be given of 
species within historical times having largely extended 
their range from warmer to cooler latitudes, and con- 
versely ; but we do not positively know that these ani- 
mals were strictly adapted to their native climate, but 
in all ordinary cases we assume such to be the case ; 
nor do we know that they have subsequently become 
acclimatised to their new homes. 

As I believe that our domestic animals were origin- 
ally chosen by uncivilised man because they were use- 
ful and bred readily imder confinement, and not because 
they were subsequently found capable of far-extended 
transportation, I think the common and extraordinary 
capacity in our domestic animals of not only withstand- 
ing the most different climates but of being perfectly 
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fertile (a far severer test) under them, may be used as 
an argument that a large proportion of other animals, 
now in a state of nature, could easily be brought to bear 
widely different climates. We must not, however, push 
the foregoing argument too far, on account of the pro- 
bable origin of some of our domestic animals from seve- 
ral wild stocks : the blood, for instance, of a tropical 
and arctic wolf or wild dog may perhaps be mingled in 
our domestic breeds. The rat and mouse cannot be 
considered as domestic animals, but they have been 
transported by man to many parts of the world, and 
now have a far wider range than any other rodent, 
living free under the cold climate of Faroe in the 
north and of the Falklands in the south, and on many 
islands in the torrid zones. Hence I am inclined to look 
at adaptation to any special climate as a quality readily 
grafted on an innate wide flexibility of constitution, 
which is common to most animals. On this view, the 
capacity of enduring the most different climates by man 
himself and by his domestic animals, and such facts as 
that former species of the elephant and rhinoceros were 
capable of enduring a glacial climate, whereas the liv- 
ing species are now all tropical or sub-tropical in their 
habits, ought not to be looked at as anomalies, but 
merely as examples of a very common flexibility of con- 
stitution, brought, under peculiar circumstances, into 
play. 

How much of the acclimatisation of species to any 
peculiar climate is due to mere habit, and how much to 
the natural selection of varieties having different iimate 
constitutions, and how much to both means combined, is 
a very obscure question. That habit or custom has some 
influence I must believe, both from analogy, and from 
the incessant advice given in agricultural works, even 
in the ancient Encyclopsedias of China, to be very can- 
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tious in transposing animals from one district to an- j 

other; for it is not likely that man should have sue- ' 

ceeded in selecting so many breeds and sub-breeds with li 

constitutions specially fitted for their own districts : the | 

result must, I think, be due to habit. On the other I 

hand, I can see no reason to doubt that natural selection I 

will continually tend to preserve those individuals which 
are bom with constitutions best adapted to their native I 

countries. In treatises on many kinds of cultivated f 

plants, certain varieties are said to withstand certain 
climates better than others: this is very strikingly 
shown in works on fruit trees published in the United 
States, in which certam varieties are habitually recom- 
mended for the northern, and others for the southern ' 

States; and as most of these varieties are of recent ^ 

origin, they cannot owe their constitutional differences 
to habit. The case of the Jerusalem artichoke, which ' 

is never propagated by seed, and of which consequently 
new varieties have not been produced, has even been 
advanced — ^for it is now as tender as ever it was — as 
proving that acclimatisation cannot be effected! The 
case, also, of the kidney-bean has been often cited for a 
similar purpose, and with much greater weight; but 
until some one will sow, during a score of generations, 
his kidney-beans so early that a very large proportion ^ 

are destroyed by frost, and then collect seed from the !; 

few survivors, with care to prevent accidental crosses, | 

and then again get seed from these seedlings, with the | 

same precautions, the experiment cannot be said to i 

have been even tried. Nor let it be supposed that no i 

differences in the constitution of seedling kidney-beans 
ever appear, for an account has been published how 
much more hardy some seedlings appeared to be than 
others. 

On the whole, I think we may conclude that habit. 
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use, and disuse, have, in some cases, played a consider- 
able part in the modification of the constitution, and 
of the structm-e of various organs ; but that the effects 
of use and disuse have often been largely combined 
with, and sometimes overmastered by, the natural selec- 
tion of innate differences. 

Correlation of Qrototh . — I mean by this expression 
that the whole organisation is so tied together during its 
growth and development, that when slight variations in 
any one part occur, and are accumulated through natural 
selection, other parts become modified. This is a very 
important subject, most imperfectly understood. The 
most obvious case is, that modifications accumulated 
solely for the good of the young or larva, will, it may 
safely be concluded, affect the structure of the adult; 
in the same manner as any malconformation affecting 
the early embryo, seriously affects the whole organisa- 
tion of the adult The several parts of the body which 
are homolc^ous, and which, at an early embryonic period, 
are alike, seem liable to vary in an allied manner : we 
see this in the right and left sides of the body veirying 
in the same manner ; in the front and hind legs, and 
even in the jaws and limbs, varying together, for the 
lower jaw is believed to be homologous with the limbs. 
These tendencies, I do not doubt, may be mastered 
more or less completely by natural selection : thus a - 
family of stags once existed with an antler only on 
one side ; and if this had been of any great use to the 
breed it might probably have been rendered permanent 
by natural selection. 

Homologous parts, as has been remarked by some 
authors, tend to cohere ; this is often seen in monstrous 
plants ; and nothing is more common than the union of 
homologous parts in normal structures, as the union of 
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the petals of the corolla into a tube. Hard parts seem 
to affect the form of adjoining soft parts ; it is believed 
by some authors that the diversity in the shape of the 
pelvis in birds causes the remarkable diversity in the 
shape of their kidneys. Others believe that the shape 
of the pelvis in the human mother influences by pres- 
sure the shape of the head of the child. In snakes, 
according to Schlegel, the shape of the body and the 
manner of swallowing determine the position of several 
of the most important viscera. 

The nature of the bond of correlation is very fre- 
quently quite obscure. M. Is. Geoffrey St. Hilaire has 
forcibly remarked, that certain malconformations very 
frequently, and that others rarely coexist, without our 
being able to assign any reason. What can be more 
ain gnIflT than the relation between blue eyes and deaf- 
ness in cats, and the tortoise-shell colour with the female 
sex ; the feathered feet and skin between the outer toes 
in pigeons, and the presence of more or less down on the 
young birds when fimt hatched, with the future colour of 
their plumage ; or, again, the relation between the hair 
and teeth in the naked Turkish dog, though here pro- 
bably homology comes into play ? With respect to this 
latter case of correlation, I think it can hardly be acci- 
dental, that if we pick out the two orders of mammalia 
which are most abnormal in their dermal covering, viz. 
Cetacea (whales) and Edentata (armadilloes, scaly ant- 
eaters, &c.), that these are likewise the most abnormal 
in their teeth. 

I know of no case better adapted to show the im- 
portance of the laws of correlation in modifying im- 
portant structures, independently of utility and, there- 
fore, of natural selection, than that of the difference 
between the outer and inner flowers in some Compo- 
sitous and Umbelliferous plants. Every one knows the 
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difference in the ray and central florets of, for instance, 
the daisy, and this difference is often accompanied with 
the abortion of parts of the flower. But, in some Com- 
positous plants, the seeds also differ in shape and sculp- 
ture ; and even the ovary itself, Avith its accessory parts, 
differs, as has been described by Cassini. These differ- 
ences have been attributed by some authors to pressure, 
and the shape of the seeds in the ray-florets in some 
Composite countenances this idea ; but, in the case of 
the corolla of the Umbelliferae, it is by no means, as Dr. 
Hooker informs me, in species with the densest heads 
that the inner and outer flowers most frequently differ. 

It might have been thought that the development of . 
the ray-petals by drawing nourishment from certain 
other parts of the flower had caused their abortion ; but 
in some Compositse there is a difference in the seeds of 
the outer and inner florets without any difference in the 
corolla. Possibly, these several differences may be con- | 
nected with some difference in the flow of nutriment | 
towards the central and external flowers: we know, 
at least, that in irregular flowers, those nearest to 
the axis are oftenest subject to peloria, and become 
regular. I may add, as an instance of this, and of a 
striking case of correlation, that I have recently observed 
in some garden pelargoniums, that the central flower of 
the truss often loses lie patches of darker colour in the 
two upper petals ; and that when this occurs, the adhe- 
rent nectary is quite aborted ; when the colour is absent 
from only one of the two upper petals, the nectary is 
only much shortened. 

With respect to the difference in the corolla of the 
central and exterior flowers of a head or umbel, I do I 
not feel at all sure that C. C. Sprengel’s idea that the | 
ray-florets serve to attract insects, whose agency is 
highly advantageous in the fertilisation of plants of 

H 
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these two orders, is so far-fetched, as it may at first 
appear: and if it be advantageous, natural selection 
may have come into play. But in regard to the differ- 
ences both in the internal and external structure of the 
seeds, which are not always correlated with any differ- 
ences in the flowers, it seems impossible that they can 
be in any way advantageous to the plant : yet in the 
Umbelliferae these differences are of such apparent im- 
portance — the seeds being in some cases, according to 
Tausch, orthospermous in the exterior flowers and coe- 
lospermous in the central flowers, — that the elder De 
Candolle founded his main divisions of the order on 
analogous differences. Hence we see that modifica- 
tions of structure, viewed by . systematists as of high 
value, may be wholly due to unlmown laws of correlate 
growth, and without being, as far as we can see, of the 
slightest service to the species. 

We may often falsely attribute to correlation of growth, 
structures which are common to whole groups of species, 
and which in truth are simply due to inheritance; 
for an ancient progenitor may have acquired through 
natural selection some one modification in structure, 
and, after thousands of generations, some other and in- 
dependent modification; and these two modifications, 
having been transmitted to a whole group of descendants 
with diverse habits, would naturally be thought to be 
correlated in some necessary manner. So, again, I do 
not doubt that some apparent correlations, occurring 
throughout whole orders, are entirely due to the manner 
alone in which natural selection can act. For instance, 
Alph. De Candolle has remarked that winged seeds are 
never found in fruits which do not open : I should ex- 
plain the rule by the fact that seeds could not gradually 
become winged through natural selection, except in fruits 
which opened ; so that the individual plants producing 
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seeds which were a little better fitted to be wafted 
further, might get an advantage over those producing 
seed less fitted for dispersal ; and this process could not 
possibly go on in fruit which did not open. 

The elder Geofiroy and Goethe propounded, at about 
the same period, their law of compensation or balance- 
ment of growth ; or, as Goethe expressed it, “ in order 
to spend on one side, nature is forced to economise on 
the other side.” I t hink this holds true to a certain ex- 
tent with our domestic productions : if nourishment flows 
to one part or organ in excess, it rarely flows, at least in 
excess, to another part ; thus it is difficult to get a cow 
to give much milk and to fatten readily. The same va- 
rieties of the cabbage do not yield abundant and nutri- 
tious foliage and a copious supply of oil-bearing seeda 
When the seeds in our finiits become atrophied, the ftuit 
itself gains largely in size and quality. In our poultry, 
a large tuft of feathers on the head is generally accom- 
panied by a diminished comb, and a large beard by 
diminished wattles. With species in a state of nature 
it can hardly be maintained that the law is of universal 
application ; but many good observers, more especially 
botanists, believe in its truth. I will not, however, here 
give any instances, for I see hardly any way of distin- 
guishing between the effects, on the one hand, of a part 
being largely developed through natural selection and 
another and ewijoming part being reduced by this same 
process or by disuse, and, on the other hand, the actual 
withdrawal of nutriment from one part owing to the 
excess of growth in another and adjoining part. 

I suspect, also, that some of the cases of compensation 
which have been advanced, and likewise some other 
facts, may be merged imder a mwe general principle,] 
namely, that natural selection is continually trying to 
economise in every part of the organisation. If under 
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changed conditions of life a structure before useful be- 
comes less useful, any diminution, however slight, in its 
development, will be seized on by natural selection, for 
it will profit the individual not to have its nutriment 
wasted in building up an useless structure. I can thus 
only understand a fact with which I was much stnick 
when examining cirripedes, and of which many other 
instances could be given : namely, that when a cirripede 
is parasitic mthin another and is thus protected, it loses 
more or less completely its own shell or carapace. This 
is the case mth the male Ibla, and in a truly extraordi- 
nary manner with the Proteolepas : for the carapace in 
all other cirripedes consists of the three highly-important 
anterior segments of the head enormously developed, 
and furnished with great nerves and muscles ; but in 
the parasitic and protected Proteolepas, the whole ante- 
rior part of the head is reduced to the merest rudiment 
attached to the bases of the prehensile antennae. Now 
the saving of a large and complex structure, when ren- 
dered superfluous by the parasitic habits of the Proteo- 
lepas, though effected by slow steps, would be a decided 
advantage to each successive individual of the species ; 
for in the struggle for life to which every animal is ex- 
posed, each individual Proteolepas would have a better 
chance of supporting itself, by less nutriment being 
wasted in developing a structure now become useless. 

Thus, as I believe, natural selection will always suc- 
ceed in the long run in reducing and saving every part 
bf the organisation, as soon as it is rendered superfluous, 
without by any means causing some other part to be 
largely developed in a corresponding degree. And, con- 
versely, that natural selection may perfectly well suc- 
ceed in largely developing any organ, without requiring 
as a necessary compensation the reduction of some ad- 
joining part. 
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It seems to be a rule, as remarked by Is. Geoffroy 
St. Hilaire, both in varieties and in species, that when 
any part or organ is repeated many times in the struc- 
ture of the same individual (as the vertebrae in snakes, 
and the stamens in polyandrous flowers) the number is 
variable ; whereas the number of the same part or organ, 
when it occurs in lesser numbers, is constant. The same 
author and some botanists have further remarked that • 
multiple parts are also very liable to variation in struc- | 
ture. Inasmuch as this “ vegetative repetition,” to use ' 
Prof. Owen’s expression, seems to be a sign of low orgeini- 
sation ; the foregoing remark seems connected with the 
very general opinion of naturalists, that beings low in 
the scale of nature are more variable than those which 
are higher. I presume that lowness in this case means 
that the several parts of the organisation have been but 
little specialised for particular functions ; and as long as 
the same part has to perform diversified work, we can 
perhaps see why it should remain variable, that is, why 
naturd selection should have preserved or rejected each 
little deviation of form less carefully than when the part 
has to serve for one special purpose alone. In the same 
way that a knife which has to cut all sorts of things 
may be of almost any shape ; whilst a tool for some 
particular object had better be of some particular shape. 
Natural selection, it should never be forgotten, can act 
on each part of each being, solely through and for its 
advantage. 

Eudimentary parts, it has been stated by some P 
authors, and I believe with truth, are apt to be highly \ 
variable. We shall have to recur to the general subject 
of rudimentary and aborted organs ; and I will here only 
add that their variability seems to be owing to then- 
uselessness, and therefore to natural selection having 
no power to check deviations in their structure. Thus 
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rudimentary parts are left to the free play of the vari- 
ous laws of growth, to the effects of long-continued dis- 
use, and to the tendency to reversion. 

A part developed in any specks in an extraordinary 
degree or manner, in comparison with the same part in 
allkd species, tends to he highly variable . — Several years 
ago I was much struck with a remark, nearly to the 
above effect, published by Mr. Waterhouse. I infer 
also from an observation made by Professor Owen, with 
respect to the length of the arms of the ourang-outang, 
that he has come to a nearly similar conclusion. It is 
hopeless to attempt to convince any one of the truth of 
this proposition without giving the long array of facts 
which I have collected, and which cannot possibly be 
here introduced. I can only state my conviction that it is 
a rule of high generality. I am aware of several causes 
of error, but I hope that I have made due allowance for 
them. It should be understood that the rule by no 
means applies to any part, however unusually developed, 
unless it be unusually developed in comparison with 
the same part in closely allied species. Thus, the bat’s 
wing is a most abnormal structure in the class mam- 
malia ; but the rule would not here apply, because there 
is a whole group of bats having wings ; it would apply 
only if some one species of bat had its wings developed 
in some remarkable manner in comparison with the 
other species of the same genus. The rule applies very 
strongly in the case of secondary sexual characters, when 
displayed in any unusual manner. The term, secondary 
sexual characters, used by Hunter, applies to characters 
which are attached to one sex, but are not directly 
connected with the act of reproduction. The rule ap- 
plies to males and females ; but as females more rarely 
offer remarkable secondary sexual characters, it applies 
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course of time cease; and that the most abnormally 
developed organs may be made constant, I can see no 
reason to doubt. Hence when an organ, however 
abnormal it may be, has been transmitted in approxi- 
mately the same condition to many modified descend- 
ants, as in the case of the wing of the bat, it must 
have existed, according to my theory, for an immense 
period in nearly the same state; and thus it comes 
to be no more variable than any other structure. It 
is only in those cases in which the modification has 
been comparatively recent and extraordinarily great 
that we ought to find the generative variability, tis it 
may be called, still present in a high degree. For in 
this case the variability will seldom as yet have been 
fixed by the continued selection of the in^viduals vary- 
ing in the required manner and degree, and by the con- 
tinued rejection of those tending to revert to a former 
and less modified condition. 

The principle included in these remarks may be 
extended. It is notorious that specific characters are 
more variable than generic. To explain by a simple 
example what is meant If some species in a large genus 
of plants had blue flowers and some had red, the colour 
would be only a specific character, and no one would be 
surprised at one of the blue species varying into red, or 
conversely ; but if all the species had blue flowers, the 
colour would become a generic character, and its varia- 
tion would be a more unusual circumstance. I have 
chosen this example because an explanation is not in 
this case applicable, which most naturalists would ad- 
vance, namely, that specific characters are more variable 
than generic, because they are taken from parts of less 
physiological importance than those commonly used for 
classing genera. I believe this explanation is partly, 
yet only indirectly, true ; I shall, however, have to re- 
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turn to this subject in our chapter on Classification. It 
would be almost superfluous to adduce evidence in 
support of the above statement, that specific characters 
are more variable than generic ; but I have repeatedly 
noticed in works on natural history, that when an author 
has remarked with surprise that some important organ 
or part, which is generally very constant throughout 
large groups of species, has differed considerably in 
closely-allied species, that it has, also, been variable in 
the individuals of some of the species. And this fact 
shows that a character, which is generally of generic 
value, when it sinks in value and becomes only of spe- 
cific value, often becomes variable, though its physiolo- 
gical importance may remain the same. Something of 
the same kind applies to monstrosities : at least Is. Geof- 
frey St. Hilaire seems to entertain no doubt, that the \ 
more an organ normally differs in the different species i 
of the same group, the more subject it is to individual 
anomalies. 

On the ordinary view of each species having been 
independently created, why should that part of the 
structure, winch differs from the same part in other 
independently-created species of the same genus, be more 
variable than those parts which are closely alike in the 
several species? I do not see that any explanation 
can be given. But on the view of species being only 
strongly marked and fixed varieties, we might surely 
expect to find them stiU often continuing to vary in those 
parts of their structure which have varied within a mode- 
rately recent period, and which have thus come to differ. 
Or to state the case in another manner : — the points in 
which all the species of a genus resemble each other, 
and in which they differ from the species of some other 
genus, are called generic characters ; and these charac- 
ters in common I attribute to inheritance from a common 
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progenitor, for it can rarely have happened that natural 
selection will have modified sever^ species, fitted to 
more or less widely-different habits, in exactly the same 
manner : and as these so-called generic characters have 
been inherited from a remote period, since that period 
when the species first branched off from their common 
progenitor, and subsequently have not varied or come to 
differ in any degree, or only in a slight degree, it is not 
probable that they should vary at the present day. On 
the other hand, the points in which species differ from 
other species of the same genus, are called specific cha- 
racters ; and as these specific characters have varied 
and come to differ within the period of the branching 
off of the species from a common progenitor, it is pro- 
bable that they should still often be in some degree 
variable, — at least more variable than those parts of 
the organisation which have for a very long period 
remained constant. 

In connexion with the present subject, I will make 
only two other remarks. I think it will be admitted, 
without my entering on details, that secondary sexual 
characters are very variable ; I think it also wiU be 
admitted that species of the same group differ from 
each other more widely in their secondary sexual cha- 
racters, than in other parts of their organisation ; com- 
pare, for instance, the amount of difference between the 
males of gallinaceous birds, in which secondary sexual 
characters are strongly displayed, with the amount of 
difference between their females ; £ind the truth of this 
proposition will be granted. The cause of the original 
variability of secondary sexual characters is not mani- 
fest ; but we can see why these characters should not 
have been rendered as constant and uniform as other 
parts of the organisation ; for secondary sexual charac- 
ters have been accumulated by sexual selection, which 



Chap. V. 



LAWS OF VARIATION. 



157 



is less rigid in its action than ordinary selection, as it 
does not entail death, but only gives fewer offspring to 
the less favoured males. Whatever the cause may be 
of the variability of secondary sexual characters, as they 
are highly variable, sexual selection will have had a 
wide scope for action, and may thus readily have suc- 
ceeded in giving to the species of the same group a 
greater amount of difference in their sexual characters, 
than in other parts of their structure. 

It is a remarkable fact, that the secondary sexual 
differences between the two sexes of the same species 
are generally displayed in the very same parts of the 
organisation in which the different species of the same 
genus differ from each other. Of this fact I will give 
in illustration two instances, the first which happen 
to stand on my list; and as the differences in these 
cases are of a very unusual nature, the relation can 
hardly be accidental. The same number of joints 
in the tarsi is a character generally common to very 
large groups of beetles, but in the Engidfe, as Westwood 
has remarked, the number varies greatly ; and the 
number likewise differs in the two sexes of the same 
species: again in fossorial hymenoptera, the manner of 
neuration of the wings is a character of the liighest 
importance, because common to large groups ; but in 
certain genera the neuration differs in the different spe- 
cies, and likewise in the two sexes of the same species. 
This relation has a clear meaning on my view of the 
subject : I look at all the species of the same genus as 
having as certainly descended from the same progenitor, 
as have the two sexes of any one of the species. Con- 
sequently, whatever part of the structure of the common 
progenitor, or of its early descendants, became variable ; 
variations of this part would, it is highly probable, be 
taken advantage of by natural and sexual selection, in 
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Distinct species present ancdogom variations; and a 
variety of one species often assumes some of the characters 
of an allied species, or reverts to some of the characters of 
an early progenitor. — These propositions will be most 
readily understood by looking to our domestic races. 
The most distinct breeds of pigeons, in countries most 
widely apart, present sub-varieties with reversed feathers t 
on the head and feathers on the feet, — cEaracters ^ \ 
possessed by the aboriginal rock-pigeon ; these then 
I are analogous variations in two or more distinct races. 
The frequent presence of fourteen or even sixteen tail- 
feathers in the pouter, may be considered as a variation 
representing the normal structure of another race, the 
fantaU. I presume that no one will doubt that aU such 
analogous variations are due to the several races of 
the pigeon having inherited from a common parent the 
same constitution and tendency to variation, when acted 
on by similar unknown influences. In the vegetable 
kingdom we have a case of analogous variation, in the 
enlarged stems, or roots as commonly called, of the 
Swedish turnip and Euta baga, plants which several 
botanists rank as varieties produced by cultivation from 
a common parent : if this be not so, the case will then 
be one of analogous variation in two so-called distinct 
species ; and to these a third may be added, namely, 
the common turnip. According to the ordinary view 
of each species having been independently created, 
we should have to attribute this similarity in the en- 
larged stems of these three plants, not to the vera causa 
of community of descent, and a consequent tendency 
to vary in a like manner, but to three separate yet 
closely related acts of creation. 

With pigeons, however, we have another case, namely, i 
the occasional appearance in all the breeds, of slaty- ) 
blue birds with two black bars on the wings, a white 
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rump, a bar at the end of the tail, with the outer 
feathers externally edged near their bases with white. 
As all these marks are characteristic of the parent rock- 
pigeon, I presume that no one will doubt that this is 
a case of reversion, and not of a new yet analogous 
variation appearing in the several breeds. We may I 
think confidently come to this conclusion, because, as 
we have seen, these coloured marks are eminently liable 
to appear in the crossed offspring of two distinct and 
differently coloured breeds; and in this case there is 
nothing in the external conditions of life to cause the 
reappearance of the slaty-blue, with the several marks, 
beyond the influence of the mere act of crossing on the 
laws of inheritance. 

No doubt it is a very surprising fact that characters 
should reappear after having been lost for many, perhaps 
for himdreds of generations. But when a breed has 
been crossed only once by some other breed, the offspring 
occasionally show a tendency to revert in character to 
the foreign breed for many generations — some say, for 
a dozen or even a score of generations. After twelve 
generations, the proportion of blood, to use a common 
expression, of any one ancestor, is only 1 in 2048 ; and 
ye^ as we see, it is generally believed that a tendency 
to reversion is retained by this very small proportion of 
foreign blood. In a breed which has not been crossed, 
but in which hath parents have lost some character 
which their progenitor possessed, the tendency, whether 
strong or weak, to reproduce the lost character might 
be, as was formerly remarked, for all that we can see 
to the contrary, transmitted for almost any number of 
generations. When a character which has been lost in 
a breed, reappears after a great number of generations, 
the most probable hypothesis is, not that the offspring sud- 
denly takes after an ancestor some hundred generations 
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distant, but that in each successive generation there has 
been a tendency to reproduce the character in question, 
which at last, under unknown favourable conditions, 
gains an ascendancy. For instance, it is probable that 
in each generation of the barb-pigeon, which produces 
most rarely a blue and black-barred bird, there has 
been a tendency in each generation in the plumage to 
assume this colour. This view is hypothetical, but could 
be supported by some facts; and I can see no more 
abstract improbability in a tendency to produce any cha- 
racter being inherited for an endless number of genera- 
tions, than in quite useless or rudimentary organs being, 
as we all know them to be, thus inherited. Indeed, we 
may sometimes observe a mere tendency to produce a 
ru(hment inherited : for instance, in the common snap- 
dragon (Antirrhinum) a rudiment of a fifth stamen so 
often appears, that this plant must have an inherited 
tendency to produce it. 

As all the species of the same genus are supposed, 
on my theory, to have descended from a common parent, 
it might be expected that they would occasionally vary 
in an analogous manner ; so that a variety of one species 
would resemble in some of its characters another species ; 
this other species being on my view only a well-marked 
and permanent variety. But characters thus gained 
would probably be of an unimportant nature, for the 
presence of aU important characters will be governed 
by natural selection, in accordance with the diverse 
habits of the species, and will not be left to t ^ mutual 
action of the conditions oiTife~and of asimilar in- 
hented constitutTon. Tf might ~furtEer be expected 
that the species of the same genus would occasionally 
exhibit reversions to lost ancestral characters. As, how- 
ever, we never know the exact character of the common 
ancestor of a group, we could not distinguish these two 
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cases : if, for instance, we did not know that the rock- 
pigeon was not feather-footed or tum-crowned, we could 
not have told, whether these characters in our domestic 
breeds were reversions or only analogous variations ; but 
we might have inferred that the blueness was a case of 
reversion, from the number of the markings, which are 
correlated with the blue tint, and which it does not ap- 
pear probable would all appear together from simple 
variation. More especially we might have inferred this, 
from the blue colour and marks so often appearing 
when distiuct breeds of diverse colours are crossed. 
Hence, though imder nature it must generally be left 
doubtful, what cases are reversions to an anciently ex- 
isting character, and what are new but analogous varia- 
tions, yet we ought, on my theory, sometimes to find 
the varying offspring of a species assimning characters 
(either from reversion or from analogous variation) 
which already occur in some other members of the 
same group. And this undoubtedly is the case in 
nature. 

A considerable part of the diflSculty in recognising a 
variable species in our systematic works, is due to its 
varieties mocking , as it were, some of the other spe- 
cies of the same genus, A considerable catalogue, also, 
could be given of forms intermediate between two other 
forms, which themselves must be doubtfiilly ranked as 
either varieties or species; and this shows, unless all 
these forms be considered as independently created 
species, that the one in varying has assumed some of 
the characters of the other, so as to produce the inter- 
mediate form. But the best evidence is afforded by 
parts or organs of an important and uniform nature 
occasionally varying so as to acquire, in some degree, 
the character of the same part or organ in an allied 
speciea I have collected a long list of such cases ; but 
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crosses with the dun stock. But I am not at all satisfied 
with this theory, and should be loth to apply it to breeds 
so distinct as the heavy Belgian cart-horse, Welch ponies, 
cobs, the lanky Kattywar race, &c., inhabiting the most 
distant parts of the world. 

Now let us turn to the effects of crossing the several 
species of the horse-genus. Eollin asserts, that the 
common mule from the ass and horse is particularly apt 
to have bars on its legs. I once saw a mule with 
its legs so much striped that any one at first would 
have thought that it must have been the product of a 
zebra ; and Mr. W. C. Martin, in his excellent treatise 
on the horse, has given a figure of a similar mule. In 
four coloured drawings, which I have seen, of hybrids 
between the ass and zebra, the legs were much more 
plainly barred than the rest of the body ; and in one 
of them there was a double shoulder-stripe. In Lord 
Moreton’s famous hybrid from a chestnut mare and male 
quagga, the hybric^ and even the pure offspring sub- 
sequently produced from the mare by a black Arabian 
sire, were much more plainly barred across the legs than 
is even the pure quagga. Lastly, and this is another 
most remarkable case, a hybrid has been figured by 
Dr. Gray (and he informs me that he knows of a second 
case) from the ass and the hemionus ; and this hybrid, 
though the ass seldom has stripes on its legs and the 
hemionus has none and has not even a shoulder-stripe, 
nevertheless had all four legs barred, and had three 
short shoulder-stripes, like those on the dun Welch 
pony, and even had some zebra-like stripes on the 
sides of its face. With respect to this last fact, I 
was so convinced that not even a stripe of colour 
appears from what would commonly be called an acci- 
dent, that I was led solely from the occurrence of the 
face-stripes on this hybrid from the ass and hemionus. 



174 



DIFFICULTIES ON THEORY. 



Chap. VI. 



present time to meet with numerous transitional vari- 
eties in each region, though they must have existed 
there, and may be embedded there in a fossil condition. 
But in the intermediate region, having intermediate 
conditions of life, why do we not now find closely-linking 
intermediate varieties ? This difficulty for a long time 
quite confounded me. But I think it can be in large 
part explained. 

In the first place we should be extremely cautious 
in inferring, because an area is now continuous, that it 
has been continuous during a long period. Geology 
would lead us to believe that almost every continent 
has been broken up into islands even during the later 
tertiary periods ; and in such islands distinct species 
might have been separately formed without the possi- 
bility of intermediate varieties existing in the interme- 
diate zones. By changes in the form of the land and 
of climate, marine areas now continuous must often 
have existed within recent times in a far less continuous 
and imiform condition than at present. But I will pass 
over this way of escaping from the difficulty; for I 
believe that many perfectly defined species have been 
formed on strictly continuous areas ; though I do not 
doubt that the formerly broken condition of areas now 
continuous has played an important part in the forma- 
tion of new species, more especially with freely-crossing 
and wandering animals. 

In looking at species as they are now distributed 
over a wide area, we generally find them tolerably 
numerous over a large territory, then becoming some- 
what abruptly rarer and rarer on the confines, and 
finally disappearing. Hence the neutral territory be- 
tween two representative species is generally narrow in 
comparison with the territory proper to each. We see 
the same fact in ascending mountains, and sometimes 
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in smaller numbers in a narrow and intermediate zone. 
For forms existing in larger numbers ^vill always have 
a better chance, within any given period, of presenting 
further favourable variations for natural selection to 
seize on, than will the rarer forms which exist in lesser 
numbers. Hence, the more common forms, in the race 
for life, wiQ tend to beat and supplant the less common 
forms, for these will be more slowly modified and im- 
proved. It is the same principle which, as I believe, 
accounts for the common species in each country, as 
shown in the second chapter, presenting on an average 
a greater number of well-marked varieties than do the 
rarer speciea I may illustrate what I mean by sup- 
posing three varieties of sheep to be kept, one adapted 
to an extensive mountainous region ; a second to a com- 
paratively narrow, hilly tract; and a third to wide 
plains at the base; and that the inhabitants are all 
trying with equal steadiness and skill to improve their 
stocks by selection ; the chances in this case will be 
strongly in favour of the great holders on the moun- 
tains or on the plains improving their breeds more 
quickly than the small holders on the intermediate 
narrow, hilly tract ; and consequently the improved 
mountain or plain breed will soon take the place of 
the less improved hiU breed ; and thus the two breeds, 
which originally existed in greater numbers, wiU come 
into close contact with each other, without the inter- 
position of the supplanted, intermediate hiU-variety. 

To sum up, I believe that species come to be tolerably 
weU-defined objects, and do not at any one period pre- ^ 
sent an inextricable chaos of varying and intermediate 
links : firstly, because new varieties are very slowly 
formed, for variation is a very slow process, and 
natural selection can do nothing imtil favourable varia- 
tions chance to occur, and imtil a place in the natural 

i3 



Chap. VI. 



.TRANSITIONAL HABITS. 



183 



tional grades between structures fitted for very different 
habits of life will rarely have been developed at an early 
period in great numbers and under many subordinate 
forms. Thus, to return to our imaginary illustration of 
the flying-fish, it does not seem probable that fishes 
capable of true flight would have been developed under 
many subordinate forms, for taking prey of many kinds 
in many ways, on the land and in the water, until their 
organs of flight had come to a high stage of perfection, 
so as to have given them a decided advantage over 
other animals in the battle for life. Hence the chance 
of discovering species with transitional grades of struc- 
ture in a fossil condition will always be less, from their 
having existed in lesser numbers, than in the case of 
species with fully developed structures. 

I will now give two or three instances of diversified 
and of changed habits in the individuals of the same 
species. When either case occurs, it would be easy for 
natural selection to fit the animal, by some modification 
of its structure, for its changed habits, or exclusively 
for one of its several different habits. But it is diflieult 
to teU, and immaterial for us, whether habits generally 
change first and structure afterwards ; or whether slight 
modifications of structure lead to changed habits ; both 
probably often change almost simultaneously. Of cases 
of changed habits it will suffice merely to allude to that \ 
of the many British insects which now feed on exotic I 
plants, or exclusively on artificial substances. Of diver- 1 
sified habits innumerable instances could be given: I 
have often watched a tyrant flycatcher (Saurophagus 
sulphuratus) in South America, hovering over one spot 
and then proceeding to another, like a kestrel, and at 
other times standing stationary on the margin of water, 
and then dashing like a kingfisher at a fish. In our 
own country the larger titmouse (Parus major) may be 
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seen climbing branches, almost like a creeper ; it often, 
like a slirilte, kills small birds by blows on the head ; 
and I have many times seen and heard it hammering 
the seeds of the yew on a branch, and thus breaking 
them like a nuthatch. In North America the black bear 
was seen by Heame swimming for hours with widely 
open mouth, thus catching, like a whale, insects in the 
water. Even in so extreme a case as this, if the supply 
of insects w'ere constant, and if better adapted compe- 
titors did not already exist in the country, I can see no 
difficulty in a race of bears being rendered, by natural 
selection, more and more aquatic in their structure 
and habits, with larger and larger mouths, till a creature 
was produced as monstrous as a whale. 

As we sometimes see individuals of a species following 
habits widely different from those both of their own 
species and of the other species of the same genus, we 
might expect, on my theory, that such individuals 
would occasionally have given rise to new species, having 
anomalous habits, and with their structure either slightly 
or considerably modified from that of their proper type. 

. And such instances do occur in nature. Can a more 
striking instance of adaptation be given than that of a 
woodpecker for climbing trees and for seizing insects in 
the chinks of the bark ? Yet in North America there 
are woodpeckers which feed largely on fruit, and others 
^vith elongated wings which chase insects on the wing ; 
and on the plains of La Plata, where not a tree grow’s, 
there is a wo^pecker, which in every essential part of its 
organisation, even in its colouring, in the harsh tone of 
its voice, and undulatory flight, told me plainly of its 
close blood-relationship to our common species ; yet it 
is a woodpecker which never climbs a tree ! 

( Petrels are the most aerial and oceanic of birds, yet 

' in the quiet Sounds of Tierra del Fuego, the Puffiuuria 



■DnlinP nit-t-n://darvjin-.nnlin£^.Qm.iik/'i courtesy Privatp milpri-ir'n 




Chap. VI. 



TRANSITIONAL HABITS. 



185 



berardi, in its general habits, in its astonishing power of 
diving, its manner of swimming, and of flying when 
unwillingly it takes flight, would be mistaken by any 
one for an auk or grebe ; nevertheless, it is essentially 
a petrel, but with many parts of its organisation pro- 
foundly modified. On the other hand, the acutest 
observer by examining the dead body of the water-ouzel 
would never have suspected its sub-aquatic habits ; yet 
this anomalous member of the strictly terrestrial thrush 
family wholly subsists by diving, — grasping the stones 
with its feet and using its wings under water. 

He who believes that each being has been created as 
we now see it, must occasionally have felt surprise when 
he has met with an animal having habits and structure 
not at all in agreement What can be plainer than 
that the webbed feet of ducks and geese are formed 
for swimming ? yet there are upland geese with webbed \ 
feet which rarely or never go near the water ; and no \ 
one except Audubon has seen the frigate-bird, which 
has all its four toes webbed, alight on the surface of the 
sea. On the other hand, grebes and coots are emi- 
nently aquatic, although their toes are only bordered 
by membrane. What seems plainer than that the long 
toes of grallatores are formed for walking over swamps 
and floating plants, yet the water-hen is nearly as aquatic 
as the coot ; and the landrail nearly as terrestrial as the 
quail or partridge. In such cases, and many others 
could be given, habits have changed without a cor- 
responding change of structure. The webbed feet of the 
upland goose may be said to have become rudimentary 
in function, though not in structure. In the frigate- 
bird, the deeply-scooped membrane between the toes 
shows that structure has begun to change. 

He who believes in separate and innumerable acts of 
creation will say, that in these cases it has pleased the 
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and must act by convergence ; and at their lower ends 
there seems to be an imperfect vitreous substance. With 
these facts, here far too briefly and imperfectly given, 
which show that there is much graduated diversity in 
the eyes of living crustaceans, and bearing in mind how 
small the number of living animals is in proportion to 
those which have become extinct, I can see no very 
great difficulty (not more than in the case of many 
other structures) in believing that natural selection 
has converted the simple apparatus of an optic nerve 
merely coated with pigment and invested by transparent 
membrane, into an optical instrument as perfect as is 
possessed by any member of the great Articulate class. 

He who will go thus far, if he find on finishing this 
treatise that large bodies of facts, otherwise inexpli- 
cable, can be explained by the theory of descent, ought 
not to hesitate to go further, and to admit that a struc- 
ture even as perfect as the eye of an eagle might be 
formed by natural selection, although in this case he 
does not know any of the transitional grades. His 
reason ought to conquer his imagination; though I 
have felt the difficulty far too keenly to be surprised 
at any degree of hesitation in extending the principle 
of natural selection to such startling lengths. 

It is scarcely possible to avoid comparing the eye to 
a telescope. We know that this instrument has been 
perfected by the long-continued efibrts of the highest 
human intellects ; and we natmally infer that the eye 
has been formed by a somewhat analogous process. But 
may not this inference be presumptuous? Have we 
any right to assume that the Creator works by intel- 
lectual powers like those of man ? If we must compare 
the eye to an optical instrument, we ought in imagina- 
tion to take a thick layer of transparent tissue, with a 
nerve sensitive to light beneath, and then suppose every 
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passed, we should have to look to very ancient ancestral 
forms, long since become extinct. 

We should be extremely cautious in concluding that 
an organ could not have been formed by transitional 
gradations of some kind. Numerous cases could be given 
amongst the lower animals of the same organ performing 
at the same time wholly distinct functions ; thus the ali- 
mentary canal respires, digests, and excretes in the larva 
of the dragon-fly and in the fish Cobites. In the Hydra, 
the animal may be turned inside out, and the exterior 
surface will then digest and the stomach respire. In 
such cases natural selection might easily specialise, if 
any advantage were thus gained, a part or organ, which 
had performed two functions, for one function alone, 
and thus wholly change its nature by insensible steps. 

Two distinct organs sometimes perform simultaneously 
the same function in the same individual ; to give one 
instance, there are fish with giUs or branchiae that 
breathe the air dissolved in the water, at the same time 
that they breathe free air in their swimbladders, this 
latter organ having a ductus pneumaticus for its supply, 
and being divided by highly vascular partitions. In 
these cases, one of the two organs might with ease be 
modified and perfected so as to perform all the work 
by itself, being aided during the process of modification 
by the other organ ; and tlien this other organ might 
be modified for some other and quite distinct purpose, 
or be quite obliterated. 

The illustration of the swimbladder in fishes is a good, 
one, because it shows us clearly the highly important fact 
that an organ originally constnicted for one purpose, 
namely flotation, may be converted into one for a wholly 
different purpose, namely respiration. The swimbladder . 
has, also, been worked in as an accessory to the auditory , ^ t' 
organs of certain fish, or, for I do not know which 
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view is now generally held, a part of the auditory 
apparatus has been worked in as a complement to the 
swimbladder. All physiologists admit that the swim- 
bladder is homologous, or “ ideally similar,” in position 
and structure wth the lungs of the higher vertebrate 
animals : hence there seems to me to be no great diffi- 
culty in believing that natural selection has actually 
converted a swimbladder into a lung, or organ used ex- 
clusively for respiration. 

I can, indeed, hardly doubt that all vertebrate ani- 
mals having true lungs have descended by ordinary 
generation from an ancient prototype, of which we know 
nothing, furnished with a floating apparatus or swim- 
bladder. We can thus, as I infer from Professor Owen’s 
interesting description of these parts, understand the 
strange fact that every particle of food and drink which 
we swallow has to pass over the orifice of the trachea, 
with some risk of falling into the lungs, notwithstanding 
the beautiful contrivance by which the glottis is closed. 

In the higher Vertebrata the branchiae have wholly dis- 
appeared — ^the slits on the sides of the neck and the 
loop-like course of the arteries still marking in the em- 
bryo their former position. But it is conceivable that 
the now utterly lost branchiae might have been gradually 
worked in by natural selection for some quite distinct 
purpose : in the same manner as, on the view entertained 
by some naturalists that the branchiae and dorsal scales f 
of Aimelids are homologous with the wings and wing- / 
covers of insects, it is probable that organs which at a 
very ancient period served for respiration have been 
actually converted into organs of flight. 

In considering transitions of organs, it is so important 
to bear in mind the probability of conversion from one 
function to another, that I wiQ give one more instance. 
Pedunculated cirripedes have two minute folds of skin , 
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called by me the ovigerous frena, which serve, through 
the means of a sticky secretion, to retain the eggs until 
they are hatched \vithin the sack. These cirripedes 
have no branchia}, the whole surface of the body and 
sack, including the small frena, serving for respiration. 
The Balanidae or sessile cirripedes, on the other hand, 
have no ovigerous frena, the eggs lying loose at the 
bottom of the sack, in the well-enclos^ shell ; but they 
have large folded branchiae. Now I think no one will 
dispute that the ovigerous frena in the one family are 
strictly homologous with the branchiae of the other 
family ; indeed, they graduate into each other. There- 
fore I do not doubt that little folds of skin, which ori- 
ginally served as ovigerous frena, but which, likewise, 
very slightly aided the act of respiration, have been 
gradually converted by natural selection into branchiae, 
simply through an increase in their size and the oblite- 
ration of their adhesive glands. K aU pedunculated 
cirripedes had become extinct, and they have already 
suffered far more extinction than have sessile cirripedes, 
who would ever have imagined that the branchiae in this 
latter family had originally existed as organs for pre- 
venting the ova from being washed out of the sack ? 

Although we must be extremely cautious in con- 
cluding that any organ could not possibly have been 
produced by successive transitional gradations, yet, un- 
doubtedly, grave cases of difficulty occur, some of which 
will be discussed in my future work. 

One of the gravest is that of neuter insects, which 
are often very differently constructed from either the 
males or fertile females; but this case will be treated 
of in the next chapter. The electric oi^ans of fishes 
offer another case of special difficulty ; it is impossible 
to conceive by what steps these wondrous organs have 
been produced ; but, as Owen and others have remarked, 
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their intimate structure closely resembles that of common 
muscle ; and as it has lately been shown that Bays have 
an organ closely analogous to the electric apparatus, and 
yet do not, as Matteuchi asserts, discharge any electri- 
city, we must own that we are far too ignorant to argue 
that no transition of any kind is possible. 

The electric organs offer another and even more 
serious difficulty ; for they occur in only about a dozen 
fishes, of which several are widely remote in their 
affinities. Generally when the same organ appears in 
several members of the same class, especially if in 
members having very different habits of life, we may 
attribute its presence to inheritance from a common 
ancestor ; and its absence in some of the members to 
its loss through disuse or natm^l selection. But if the 
electric organs had been inherited from one ancient 
progenitor thus provided, we might have expected that 
all electric fishes would have been specially related to 
each other. Nor does geology at all lead to the belief 
that formerly most fishes had electric organs, which 
most of their modified descendants have lost. The 
presence of luminous organs in a few insects, belong- 
ing to different families and orders, offers a parallel 
case of difficulty. Other cases could be given ; for in- 
stance in plants, the very curious contrivance of a mass 
of poUen-grains, borne on a foot-stalk with a sticky 
gland at the end, is the same in Orchis and Asclepias, — 
genera almost as remote as possible amongst flowering 
plants. In aU these cases of two very distinct spe- 
cies furnished with apparently the same anomalous 
organ, it should be observed that, although the general 
appearance and ftinction of the organ may be the same, 
yet some fundamental difference can generally be de- 
tected. I am inclined to believe that in nearly the same 
way as two men have sometimes independently hit on 




194 



DIFFICULTIKS ON THEORY. 



Chap. VI. 



the very same invention, so natural selection, working 
for the good of each being and taking advantage of 
analogous variations, has sometimes modified in very 
nearly the same maimer two parts in two organic beings, 
which owe but little of their structure in common to 
inheritance from the same ancestor. 

Although in many cases it is most diflScult to con- 
jecture by what transitions an organ could have arrived 
at its present state ; yet, considering that the proportion 
of living and known forms to the extinct and unknown 
is very small, I have been astonished how rarely an 
organ can be named, towards which no transitional 
grade is known to lead. The truth of this remark is 
indeed shown by tliat old canon in natural history of 
“Natura non facit saltum.” We meet with this admis- 
sion in the writings of almost every experienced natu- 
ralist; or, as Milne Edwards has well expressed it, 
nature is prodigal in variety, but niggard in innovation. 
Why, on the theory of Creation, should this be so? 
Why should all the parts and organs of many inde- 
pendent beings, each supposed to have been separately 
created for its proper place in nature, be so invariably 
linked together by graduated steps ? Why should not 
Nature have taken a leap from structure to structure ? 
On the theory of natural selection, we can clearly 
understand why she should not; for natural selection 
can act only by taking advantage of slight successive 
variations; she can never take a leap, but must ad- 
vance by the shortest and slowest steps. 

Orgam of littU apparent importance .— natural 
flection acts by life and death, — by the preservation of 
individu^ with any favourable variation, and by the 
destruction of those with any unfavourable deviation of 
structure,— I have sometimes felt much difficulty in 
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understanding the origin of simple parts, of which the 
importance does not seem sufficient to cause the preser- 
vation of successively varying individuals. I have some- 
times felt as much difficulty, though of a very different 
kind, on this head, as in the case of an organ as perfect 
and complex as the eye. 

In the first place, we are much too ignorant in regard 
to the whole economy of any one organic being, to say 
what slight modifications would be of importance or 
not. In a former chapter I have given instances of 
most trifling characters, such as the down on fruit and 
the colour of the flesh, which, from determining the 
attacks of insects or from being correlated with con- 
stitutional differences, might assuredly be acted on by 
natural selection. The tail of the giraffe looks like an 
artificially constructed fly-flapper ; and it seems at first 
incredible that this coidd have been adapted for its 
present purpose by successive slight modifications, each 
better and better, for so trifling an object as driving 
away flies ; yet we should pause before being too posi- 
tive even in this case, for we know that the distribution 
and existence of cattle and other animals in South 
America absolutely depends on their power of resisting 
the attacks of insects : so that individuals which could 
by any means defend themselves from these small 
enemies, would be able to range into new pastures and 
thus gain a great advantage. It is not that the larger 
quadrupeds are actually destroyed (except in some rare 
cases) by the flies, but they are incessantly harassed and 
their strength reduced, so that they are more subject to 
disease, or not so weU enabled in a coming dearth to 
search for food, or to escape from beasts of prey. 

Organs now of trifling importance have probably in 
some cases been of high importance to an early pro- 
genitor, and, after having been slowly perfected at a 
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ignorance of the precise cause of the slight analogous 
differences between species. I might have adduced for 
this same purpose the differences between the races of 
man, which are so strongly marked; I may add that 
some little light can apparently be thrown on the origin 
of these differences, chiefly through sexual selection of 
a particular kind, but without here entering on copious 
details my reasoning would appear frivolous. 

The foregoing remarks lead me to say a few words 
on the protest lately made by some naturalists, against 
the utilitarian doctrine that every detail of structure 
has been produced for the good of its possessor. They 
believe that very many structures have been created for 
I beauty in the eyes of man, or for mere variety. This 
I doctrine, if true, would be absolutely fatal to my theory. 
Yet I fully admit that many structures are of no direct . 
use to their possessors. Physical conditions probably I 
have had some little effect on stnicture, quite inde- 
pendently of any good thus gained. Correlation of 
growth has no doubt played a most important part, and 
a useful modiflcation of one part will often have en- 
I tailed on other parts diversifled changes of no direct use. 

I So again characters which formerly were useful, or 
I which formerly had arisen from correlation of growth, 

I or from other unknown cause, may reappear from the 
law of reversion, though now of no direct use. The 
effects of sexual selection, when displayed in beauty to 
charm the females, can be called useful only in rather 
a forced sense. But by far the most important con- 
sideration is that the chief part of the organisation of 
every being is simply due to inheritance ; and conse- . 
quently, though each being assuredly is well fitted for I 
its place in nature, many structures now have no direct ( 
relation to the habits of life of each species. Thus, we 
can hardly believe that the webbed feet of the upland 
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goose or of the frigate-bird are of special use to these 
birds ; we cannot believe that the same bones in the 
arm of the monkey, in the fore leg of the horse, in the 
wing of the bat, and in the flipper of the seal, are of 
special use to these animals. We may safely attribute 
these structures to inheritance. But to the progenitor 
of the upland goose and of the frigate-bird, webbed feet 
no doubt were as useful as they now are to the most 
aquatic of existing birds. So we may believe that the 
progenitor of the seal had not a flipper, but a foot with 
five toes fitted for walking or grasping; and we may 
further venture to believe that the several bones in the 
limbs of the monkey, horse, and bat, which have been 
inherited from a common progenitor, were formerly of 
more special use to that progenitor, or its progenitors, 
than they now are to these animals having such widely 
diversified habits. Therefore we may infer that these 
several bones might have been acquired through 
natural selection, subjected formerly, as now, to the 
several laws of inheritance, reversion, correlation of 
growth, &c. Hence every detail of structure in every 
living creature (making some little allowance for the 
direct action of physical conditions) may be viewed, 
either as having been of special use to some ancestral 
form, or as being now of special use to the descendants 
of this form — either directly, or indirectly through the 
complex laws of growth. 

Natural selection cannot possibly produce any modifi- 
cation in any one species exclusively for the good of 
another species ; though throughout nature one species 
incessantly takes advantage of, and profits by, the struc- 
ture of anotlier. But natural selection can and does 
often produce structures for the direct injury of other 
species, as we see in the fang of the adder, and in the 
ovipositor of the ichneumon, by which its eggs are depo- 



Chap. VI, WHAT NATURAL SELECTION CAN DO. 201 

sited in the living bodies of other insects. If it could 
be proved that any part of the structure of any one 
species had been formed for the exclusive good of 
another species, it would annihilate my theory, for such 
could not have been produced through natural selec- 
tion. Although many statements may be foimd in 
works on natural history to this effect, I cannot find 
even one which seems to me of any weight. It is 
admitted that the rattlesnake has a poison-fang for its 
own defence and for the destruction of its prey ; but 
some authors suppose that at the same time this snake 
is furnished with a rattle for its own injury, namely, to 
warn its prey to escape. I would almost as soon believe 
that the cat curls the end of its tail when preparing to 
spring, in order to warn the doomed mouse. But I have 
not space here to enter on this and other such cases. 

Natural selection will never produce in a being any- 
thing injurious to itself, for natural selection acts solely 
by and for the good of each. No organ will be formed, 
as Paley has remarked, for the purpose of causing pain 
or for doing an injury to its possessor. If a fair balance 
I be struck between the good and evil caused by each 
part, each will be found on the whole advantageous. 
After the lapse of time, under changing conditions of 
life, if any part comes to be injurious, it will be modi- 
fied ; or if it be not so, the being will become extinct, 
as myriads have become extinct. 

Natural selection tends only to make each organic 
being as perfect as, or slightly more perfect than, the 
other inhabitants of the same country with which it has [ 
to struggle for existence. And we see that this is the 
degree of perfection attained under nature. The en- 
demic productions of New Zealand, for instance, are 
perfect one compared with another ; but they are now ' 
rapidly yielding before the advancing legions of plants 
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and animals introduced from Europe. Natural selection 
will not produce absolute perfection, nor do we always 
meet, as far as we can judge, with this high standard 
under nature. The correction for the aberration of 
light is said, on high authority, not to be perfect even 
in that most perfect organ, the eye. If our reason 
leads us to admire with enthusiasm a multitude of 
inimitable contrivances in nature, this same reason tells 
us, though we may easily err on both sides, that some 
other contrivances are less perfect. Can we consider 
the sting of the wasp or of the bee as perfect, which, 
when used against many attacking animals, cannot be 
withdrawn, owing to the backward serratures, and so 
inevitably causes the death of the insect by tearing out 
its viscera ? 

If we look at the sting of the bee, as having origin- 
ally existed in a remote progenitor as a boring and 
serrated instrument, like that in so many members of 
the same great order, and which has been modified but 
not perfected for its present purpose, with the poison 
originally adapted to cause galls subsequently intensi- 
fied, we can perhaps understand how it is that the use 
of the sting should so often cause the insect’s own 
death: for if on the whole the power of stinging be 
useful to the community, it will fulfil all the require- 
ments of natural selection, though it may cause the 
death of some few members. If we admire the truly 
wonderful power of scent by which the males of many 
insects find their females, can we admire the production 
for this single purpose of thousands of drones, which are 
' utterly useless to the community for any other end, 
and which are ultimately slaughtered by their indus- 
trious and sterile sisters ? It may be difficult, but we 
ought to admire the savage instinctive hatred of the 
queen-bee, which urges her instantly to destroy the 
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CHAPTER Vn. 

Instinct. 

Instincts comparable with habits, but different in their origin — 
Instincts graduated — Aphides and ants — Instincts variable — 
Domestic instincts, their origin — Natural instincts of the cuckoo, 
ostrich, and parasitic bees — Slave-making ants — Hive-bee, its 
cell-making instinct — DifBculties on the theory of the Natural 
Selection of instincts — Neuter or sterile insects — Summary. 

The subject of instinct might have been worked into the 
previous chapters ; but I have thought that it would be 
more convenient to treat the subject separately, espe- 
cially as so wonderful an instinct as that of the hive- 
bee making its cells will probably have occurred to 
many readers, as a diflSculty sufficient to overthrow my 
whole theory. I must premise, that I have nothing to 
do with the origin of the primary mental powers, any 
more than I have with that of life itself. We are con- 
cerned only with the diversities of instinct and of the 
other mental qualities of animals within the same class. 

I will not attempt any definition of instinct It would 
be easy to show that several distinct mental actions are 
commonly embraced by this term ; but every one under- 
stands what is meant, when it is said that instinct impels 
the cuckoo to migrate and to lay her eggs in other birds’ 
nests. An action, which we ourselves should require 
experience to enable us to perform, when performed by 
an animal, more especially by a very young one, without 
any experience, and when performed by many indivi- 
duals in the same way, without their knowing for what 
purpose it is performed is usually said to be instinctive. 
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But I could show that none of these characters of 
instinct are universal. A little dose, as Pierre Huber 
expresses it, of judgment or reason, often comes into 
play, even in animals very low in the scale of nature. 

Frederick Cuvier and several of the older metaphy- 
sicians have compared instinct with habit. This com- 
parison gives, I think, a remarkably accurate notion of 
the frame of mind under which an instinctive action is 
performed, but not of its origin. How unconsciously 
many habituallictions'^ are peHormed, indeed not rarely 
in d^ect opposition to our conscious will ! yet they may 
be modified by the wiU or reason. Habits easily become 
associated with other habits, and with certain periods of 
time and states of the body. When once acquired, they 
often remain constant throughout life. Several other 
points of resemblance between instincts and habits could 
be pointed out. As in repeating a well-known song, so 
in instincts, one action follows another by a sort of 
rhythm ; if a person be interrupted in a song, or in 
repeating anything by rote, he is generally forced to go 
back to recover the habitual train of thought: so P. 
Huber found it was with a caterpillar, which makes a 
very complicated hammock ; for if he took a caterpillar 
which had completed its hammock up to, say, the sixth 
stage of construction, and put it into a hammock com- 
pleted up only to the third stage, the caterpillar simply 
re-performed the fomlh, fifth, and sixth stages of con- 
strtiction. If, however, a caterpillar were taken out of 
a hammock made up, for instance, to the third stage, 
and were put into one finished up to the sixth stage, so 
that much of its work was already done for it, far from 
feeling the benefit of this, it was much embarrassed, and, 
in order to complete its hammock, seemed forced to 
start from the third stage, where it had left off, and thus 
tried to complete the already finished work. 
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If we suppose any habitual action to become inhe- 
rited — and I think it can be shown that this does 
sometimes happen — ^then the resemblance between what 
originally was a habit and an instinct becomes so close 
as not to be distinguished. If Mozart, instead of playing 
the pianoforte at three years old with wonderfully little 
practice, had played a tune with no practice at all, he 
might truly be said to have done so instinctively. But 
it would be the most serious error to suppose that the 
greater number of instincts have been acquired by habit 
in one generation, and then transmitted by inheritance 
to succeeding generations. It can be clearly shown that 
the most wonderful instincts with which we are ac- 
quainted, namely, those of the hive-bee and of many 
ants, could not possibly have been thus acquired. 

It win be universally admitted that instincts are 
as important as corporeal structure for the welfare 
of each species, under its present conditions of life* 
Under changed conditions of life, it is at least possible 
that slight modifications of instinct might be profitable 
to a species ; and if it can be shown that instincts do 
vary ever so little, then I can see no difficulty in natmal 
selection preserving and continually accumulating vari- 
ations of instinct to any extent that may be profitable. 

It is thus, as I believe, that all the most complex and 
wonderful instincts have originated. As modifications 
of corporeal structure arise from, and are increased by, 
use or habit, and are diminished or lost by disuse, so I do 
not doubt it has been with instincts. But 1 believe that 
the effects of habit are of quite subordinate importance \ 
to the effects of the natural selection of what may be 
called accidental variations of instincts ; — that is of vari- 
ations produced by the same unknown causes which pro- 
duce slight deviations of bodily structure. 

No complex instinct can possibly be produced through 
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natural selection, except by the slow and gradual accu- 
mulation of numerous, slight, yet profitable, variations. 
Hence, as in the case of corporeal structmes, we ought 
to find in nature, not the actual transitional gradations 
by which each complex instinct has been acquired — for 
these could be foimd only in the lineal ancestors of each 
species — but we ought to find in the collateral lines of 
descent some evidence of such gradations ; or we ought 
at least to be able to show that gradations of some kind 
are possible; and this we certainly can do. I have 
been surprised to find, maJdng allowance for the instincts 
of animals having been but little observed except in 
Europe and North America, and for no instinct being 
known amongst extinct species, how very generally gra- 
dations, leading to the most complex instincts, can be 
discovered- The canon of “Natura non facit saltum” 
applies with almost equal force to instincts as to bodily 
organs. Changes of instinct may sometimes be facili- 
tated by the same species having difierent instincts at 
difierent periods of life, or at different seasons of the 
year, or when placed under different circumstances, &c. ; 
in which case either one or the other instinct might 
be preserved by natural selection- Amd such instances 
of diversity of instinct in the same species can be shown 
to occur in nature. 

Again as in the case of corporeal structure, and con- 
formably with my theory, the instinct of each species is 
good for itself, but has never, as far as we can judge, 
been produced for the exclusive good of others. One of 
the strongest instances of an animal apparently per- 
forming an action for the sole good of another, with 
which I am acquainted, is that of aphides voluntarily 
yielding their sweet excretion to ants : tliat they do so 
voluntarily, the following facts show. I removed all the 
ants iri)m a group of about a dozen aphides on a dock- 



rm.rfP<;y Privatfi Cnllpctinn AyJrninia. 



212 INSTINCT. Chap. VII. 

I the migratory instinct, both in extent and direction, 
and in its total loss. So it is with the nests of birds, 
which vary partly in dependence on the situations 
chosen, and on the nature and temperature of the 
country inhabited, but often from causes wholly un- 
knowm to us: Audubon has given several remarkable 
cases of differences in nests of the same species in the 
northern and southern United States. Fear of any 
particular enemy is certainly an instinctive quality, as 
may be seen in nestling birds, though it is strengthened 
by experience, and by the sight of fear of the same 
enemy in other animals. But fear of man is slowly 
acquired, as I have elsewhere shown, by various animals 
inhabiting desert islands ; and we may see an instance 
of this, even in England, in the greater wildness of 
aU our large birds than of our small birds ; for the 
large birds have been most persecuted by man. We 
may safely attribute the greater wildness of our large 
birds to this cause; for in uninhabited islands large 
birds are not more fearful than small ; and the magpie, 
so wary in England, is tame in Norway, as is the 
hooded crow in Egypt. 

That the general disposition of individuals of the same 
species, bom in a state of nature, is extremely diversified, 
can be shown by a multitude of facts. Several cases 
also, could be given, of occasional and strange habits in 
certain species, which might, if advantageous to the 
species, give rise, through natural selection, to quite new 
instincts. But I am well aware that these general state- 
ments, without facts given in detail, can produce but a 
feeble effect on the reader’s mind. I can only repeat my 
assurance, that I do not speak without good evidence. 

The possibility, or even probability, of inherited 
variations of instinct in a state of nature will be 
strengthened by briefly considering a few cases under 
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domestication. We shall thus also be enabled to see 
the respective parts which habit and the selection of so- 
caUed accidental variations have played in modifying 
the mental qualities of our domestic animals. A number I 
of curious and authentic instances could be given of I 
the inheritance of aU shades of disposition and tastes, 1 
and likewise of the oddest tricks, associated with certain 
frames of mind or periods of time. But let us look to 
the familiar case of the several breeds of dogs : it 
cannot be doubted that young pointers (I have myseK 
seen a striking instance) will sometimes point and even 
back other dogs the very first time that they are taken 
out ; retrieving is certainly in some degree inherited by 
retrievers ; and a tendency to run round, instead of at, 
a fiock of sheep, by shepherd-dogs. I cannot see that 
these actions, performed without experience by the 
young, and in nearly the same manner by each indi- 
vidual, performed with eager delight by each breed, and 
without the end being known, — for the young pointer 
can no more know that he points to aid his master, 
than the white butterfly knows why she lays her eggs 
on the leaf of the cabbage, — I cannot see that these 
actions differ essentially from true instincts. If we 
were to see one kind of wolf, when young and without 
any training, as soon as it scented its prey, stand motion- 
less like a statue, and then slowly crawl forward with a 
peculiar gait ; and another kind of wolf rushing round, 
instead of at, a herd of deer, and driving them to a 
distant point, we should assuredly call these actions in- 
stinctive. Domestic instincts, as they may be called, 
are certainly far less fixed or invariable than natural 
instincts ; but they have been acted on by far less rigor- 
ous selection, and have been transmitted for an incom- 
parably shorter period, under less fixed conditions of life. 

How strongly these domestic instincts, habits, and dis- 
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positions are inherited, and how curiously they become 
mingled, is well shown when different breeds of dogs are 
crossed. Thus it is known that a cross with a bull-dog 
has affected for many generations the courage and obsti- 
nacy of greyhounds ; and a cross with a greyhound has 
given to a whole family of shepherd-dogs a tendency to 
hunt hares. These domestic instincts, when thus tested 
by crossing, resemble natural instincts, which in a like 
manner become curiously blended together, and for a 
long period exhibit traces of the instincts of either 
parent: for example, Le Eoy describes a dog, whose 
great-grandfather was a wolf, and this dog showed a 
trace of its wild parentage only in one way, by not 
coming in a straight line to his master when callei 
Domestic instincts are sometimes spoken of as actions 
which have become inherited solely from long-continued 
and compulsory habit, but this, I think, is not true. 
No one would ever have thought of teaching, or pro- 
bably could have taught, the tumbler-pigeon to tumble, — 
an aotion which, as I have witness^, is performed by 
young birds, that have never seen a pigeon tumble. 
We may believe that some one pigeon showed a slight ten- 
dency to this strange habit, and that the long-continued 
selection of the best individuals in successive generations 
made tumblers what they now are ; and near Glasgow 
there are house-tumblers, as I hear from Mr. Brent, 
which cannot fly eighteen inches high without going 
head over heels. It may be doubted whether any one 
would have thought of training a dog to point, had not 
some one dog naturally shown a tendency in this line ; 
and this is known occasionally to happen, as I once 
saw in a pure terrier. When the first tendency was 
once displayed, methodical selection and the inherited 
effects of compulsory training in each successive gene- 
ration would soon complete the work ; and unconscious 
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selection is still at work, as each man tries to procure, 
without intending to improve the breed, dogs which wiU 
stand and hunt best On the other hand, habit alone 
in some cases has sufficed ; no animal is more difficult 
to tame than the young of the wild rabbit ; scarcely 
any animal is tamer than the young of the tame rabbit ; 
but I do not suppose that domestic rabbits have ever 
been selected for tameness; and I presume that we 
must attribute the whole of the inherited change from 
extreme wildness to extreme tameness, simply to habit 
and long-continued close confinement. 

Natural instincts are lost under domestication : a re- 
markable instance of this is seen in those breeds of 
fowls which very rarely or never become “broody,” 
that is, never wish to sit on their eggs. Familiarity 
alone prevents our seeing how universally and largely 
the minds of our domestic animals have been modified 
by domestication. It is scarcely possible to doubt that 
the love of man has become instinctive in the dog. All 
wolves, foxes, jackals, and species of the cat genus, when 
kept tame, are most eager to attack poultry, sheep, and 
pigs; and this tendency has been found incurable in 
dogs which have been brought home as puppies from 
countries, such as Tierra del Fuego and Australia, where 
the savages do not keep these domestic animals. How 
rarely, on the other hand, do our civilised dogs, even 
when quite young, require to be taught not to attack 
poultry, sheep, and pigs! No doubt they occasionally 
do make an attack, and are then beaten ; and if not 
cured, they are destroyed; so that habit, with some 

i degree of selection, has probably concurred in civihsing 
by inheritance our dogs. On the other hand, young 
chickens have lost, wholly by habit, that fear of the dog 
and cat which no doubt was originally instinctive in 
f them, in the same way as it is so plainly instinctive in 
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she lays her eggs, not daily, but at intervals of two or 
three days ; so that, if she were to make her own nest 
and sit on her own eggs, those first laid would have 
to be left for some time unincubated, or there would be 
eggs and young birds of different ages in the same nest. 

If this were the case, the process of laying and hatching 
might be inconveniently long, more especially as she 
has to migrate at a very early period; and the first 
hatched young would probably have to be fed by the 
* male alone. But the American cuckoo is in this pre- I 
dicament; for she makes her owui nest and has eggs I 
and young successively hatched, aU at the same time. 

It has been asserted that the American cuckoo occa- 
sionally lays her eggs in other birds’ nests ; but I hear 
on the high authority of Dr. Brewer, that this is a mis- 
take. Nevertheless, I could give several instances of 
n various birds which have been known occasionally to 
E lay their eggs in other birds’ nests. Now let us sup- 

■ pose that the ancient progenitor of our European 
|i cuckoo had the habits of the American cuckoo ; but 

■ that occasionally she laid an egg in another bird’s 
i nest If the old bird profited by this occasional habit, 

I or if the young were made more vigorous by advantage 
i having been taken of the mistaken maternal instinct of 
H another bird, than by their own mother’s care, encum- 
|| bered as she can hardly fail to be by having eggs and 
^ young of different ages at the same time ; then the old 
^ birds or the fostered young would gain an advantage. 

I And analogy would lead me to believe, that the young 
^ thus reared would be apt to follow by inheritance the 
A occasional and aberrant habit of their mother, and in 
I their turn would be apt to lay their eggs in other birds’ 

nests, and thus be successM in rearing their young. 

I By a continued process of this nature, I believe that the 
I strange instinct of our cuckoo could be, and has been, 
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generated. I may add that, according to Dr. Gray 
and to some other observers, the European cuckoo has 
not utterly lost all maternal love and care for her own 
offspring. 

The occasional habit of birds laying their eggs in 
other birds’ nests, either of the same or of a distinct 
species, is not very imcommon with the Gallinacese; 
and this perhaps explains the origin of a singular 
instinct in the allied group of ostriches. For several 
hen ostriches, at least in the case of the American 
species, unite and lay first a few eggs in one nest and 
then in another ; and these are hatched by the males. 
This instinct may probably be accoimted for by the fact 
of the hens laying a large number of eggs ; but, as in 
the case of the cuckoo, at intervals of two or three days. 
This instinct, however, of the American ostrich has not 
as yet been perfected ; for a surprising number of eggs 
lie strewed over the plains, so that in one day’s hunting 
I picked up no less than twenty lost and wasted eggs. 

Many bees are parasitic, and always lay their eggs in 
the nests of bees of other kinds. This case is more re- 
markable than that of the cuckoo ; for these bees have 
not only their instincts but their structure modified in 
accordance with their parasitic habits ; for they do not 
possess the pollen-collecting apparatus which would be 
necessary if they had to store fcx^ for their own young. 
Some species, like>\dse, of Sphegidoe (wasp-like insects) 
are parasitic on other species ; and IM. Fabre has lately 
shown good reason for believing that although the 
Tachjdes nigra generally makes its o^^^l burrow and 
stores it with paralysed prey for its own larvae to feed 
on, yet that when tliis insect finds a burrow already 
made and stored by another sphex, it takes advantage 
of the prize, and becomes for the occasion parasitic. In 
this case, as with the supposed case of the cuckoo, I can 



Chap. VII. 



SLAVE-MAKING INSTINCT. 



219 



see no difficulty in natural selection making an occa- 
sional habit permanent, if of advantage to the species, 
and if the insect whose nest and stored food are thus 
feloniously appropriated, be not thus exterminated. 

Slave-making instinct . — This remarkable instinct was 
first discovered in the Formica (Polyerges) rufescens 
by Pierre Huber, a better observer even than his cele- 
brated father. This ant is absolutely dependent on its 
slaves ; without their aid, the species would certainly 
become extinct in a single year. The males and fertile 
females do no work. The workers or sterile females, 
though most energetic and courageous in capturing 
slaves, do no other work. They are incapable of 
making their own nests, or of feeding their own 
larvae. When the old nest is found inconvenient, and 
they have to migrate, it is the slaves which determine 
the migration, and actually carry their masters in their 
jaws. So utterly helpless are the masters, that when 
Huber shut up tffirty of them without a slave, but with 
plenty of the food which they like best, and with their 
larvae and pupae to stimulate them to work, they did 
nothing ; they could not even feed themselves, and 
many perished of hunger. Huber then introduced a 
single slave (F. fusca), and she instantly set to work, 
fed and saved the survivors; made some cells and 
tended the larvae, and put all to rights. What can be 
more extraordinary than these well-ascertained facts? 
If we had not known of any other slave-making ant, it 
would have been hopeless to have speculated how so 
wonderful an instinct could have been perfected. 

Formica sanguinea was likewise first discovered by 
P. Huber to be a slave-making ant. This species is 
found in the southern parts of England, and its habits 
have been attended to by Mr. F. Smith, of the British 
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perched motionless with its o^vn pupa in its mouth on 
the top of a spray of heath over its ravaged home. 

Such are the facts, though they did not need confirma- 
tion by me, in regard to the wonderful instinct of 
making slaves. Let it be observed what a contrast the 
instinctive habits of F. sanguinea present with those of 
the F. rufescens. The latter does not build its own nest, 
does not determine its own migrations, does not collect 
food for itself or its young, and cannot even feed 
itself : it is absolutely dependent on its numerous slaves. 
Fonnica sanguinea, on the other hand, possesses much 
fewer slaves, and in the early part of the summer ex- 
tremely few. The masters determine when and where 
a new nest shall be formed, and when they migrate, the 
masters carry the slaves. Both in S\vitzerland and 
England the slaves seem to have the exclusive care of 
the larvaj, and the masters alone go on slave-making 
expeditions. In Switzerland the slaves and masters 
work together, making and bringing materials for the 
nest : both, but chiefly the slaves, tend, and milk as it 
may be called, their aphides ; and thus both collect food 
for the community. In England the masters alone 
usually leave the nest to collect building materials and 
food for themselves, their slaves and larvaj. So that the 
masters in this country receive much less service from 
their slaves than they do in Switzerland. 

By what steps the instinct of F. sanguinea originated 
I will not pretend to conjecture. But as ants, which are 
not slave-makers, wdl, as I have seen, carry off pupae of 
other species, if scattered near their nests, it is possible 
that pupo3 originally stored as food might become de- 
veloped ; and the ants thus unintentionally reared would 
then follow their proper instincts, and do what work 
they could. If their presence proved useful to the 
species which had seized them — if it were more advan- 



Chap. VII. 



NEUTER INSECTS. 



237 



Imving been bom with some slight profitable modifi- 
cation of stmcture, this being inherited by its offspring, 
which again varied and were again selected, and so 
onwards. But with the working ant we have an insect 
differing greatly from its parents, yet absolutely steiile ; 
so that it could never have transmitted successively 
acquired modifications of stmcture or instinct to its pro- 
geny. It may well be asked how is it possible to recon- 
cile this case with the theory of natural selection ? 

First, let it be remembered that we have innumerable 
instances, both in our domestic productions and in those 
in a state of nature, of aU sorts of differences of stmc- 
ture which have become correlated to certain ages, and 
to either sex. We have differences correlated not only 
to one sex, but to that short period alone when the re- 
productive system is active, as in the nuptial plumage of 
many birds, and in the hooked jaws of the male salmon. 
We have even slight differences in the horns of different 
breeds of cattle in relation to an artificially imperfect 
state of the male sex ; for oxen of certain breeds have 
longer horns than in other breeds, in comparison with 
the horns of the bulls or cows of these same breeds. 
Hence I can see no real difficulty in any character 
having become correlated with the sterile condition of 
certain members of insect-communities: the difficulty 
lies in understanding how such correlated modifications 
of stmcture could have been slowly accumulated by 
natural selection. 

This diflSculty, though appearing insuperable, is 
lessened, or, as I believe, disappears, when it is re- 
membered that selection may be applied to the family, 
as weU as to the individual, and may thus gain the 
desired end. Thus, a well-flavoured vegetable is cooked, 
and the individual is destroyed ; but the horticulturist 
sows seeds of the same stock, and confidently expects to 



XlnlinP /hfhv77dAi win-nnlinp nm r 



238 



INSTINCT. 



Chap. VII. 



get nearly the same variety ; breeders of cattle vish the 
flesh and fat to be well marbled together ; the animal 
has been slanghtered, but the breeder goes with confi- 
dence to the same family. I have such faith in the 
powers of selection, that I do not doubt that a breed 
of cattle, always yielding oxen with extraordinarily long 
horns, could be slowly formed by carefuUy watching 
which individual buUs and cows, when match^ produced 
oxen with the longest horns ; and yet no one ox could ever 
have propagated its kind. Thus I believe it has been 
with social insects : a slight modification of structure, or 
instinct, correlated with the sterile condition of certain 
members of the community, has been advantageous to 
the community: consequently the fertile males and 
females of the same commimity flourished, and trans- 
mitted to their fertile offspring a tendency to produce 
sterile members having the same modification. And 
I believe that this process has been repeated, until that 
prodigious amount of difference between the fertile and 
sterile females of the same sj)ecies has been produced, 
which we see in many social insects. 

But we have not as yet touched on the climax of the 
difficulty ; namely, the fact that the neuters of several 
ants differ, not oidy from the fertile females and males, 
but from each other, sometimes to an almost incredible 
degree, and are thus divided into two or even three 
castes. The castes, moreover, do not generally gra- 
duate into each other, but are perfectly well defined ; 
being as distinct from each other, as are any two species 
of the same genus, or rather as any two genera of the 
same family. Thus in Eciton, there are working and 
soldier neuters, with jaws and instincts extraordiMrily 
different : in Cryptocerus, the workers of one caste alone 
carry a wonderful sort of shield on their heads, the use 
of which is quite imknown : in the Mexican ]\Iyrme- 
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cocystus, the workers of one caste never leave the nest ; 
they are fed by the workers of another caste, and they 
have an enormously developed abdomen which secretes 
a sort of honey, supplying the place of that excreted by 
the aphides, or the domestic cattle as they may be called, 
wliich our European ants guard or imprison. 

It will indeed be thought that I have an overweening 
confidence in the principle of natural selection, when I 
do not admit that such wonderful and weU-established 
facts at once annihilate my theory. In the simpler 
case of neuter insects all of one caste or of the same 
kind, which have been rendered by natural selection, as 
I believe to be quite possible, different from the fertile 
males and females, — ^in this case, we may safely conclude 
from the analogy of ordinary variations, that each suc- 
cessive, slight, profitable modification did not probably 
at first appear in all the individual neuters in the same 
nest, but in a few alone ; and that by the long-continued 
selection of the fertile parents which produced most 
neuters with the profitable modification, all the neuters 
ultimately came to have the desired character. On this 
view we ought occasionally to find neuter-insects of the 
same species, in the same nest, presenting gradations of 
structure ; and this we do find, even often, considering how 
few neuter-insects out of Europe have been carefuUy 
examined. Mr. E. Smith has shown how surprisingly the 
neuters of several British ants differ from each other in 
size and sometimes in colour; and that the extreme 
forms can sometimes be perfectly linked together by in- 
dividuals taken out of the same nest : I have myself 
compared perfect gradations of this kind. It often 
happens that the larger or the smaller sized workers 
are the most numerous ; or that both large and small 
are numerous, with those of an intermediate size 
scanty in numbers. Formica flava has larger and 
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CHAPTEE VIII. 

Hybridism. 

Distinction between the sterility of first crosses and of hybrids — 
Sterility various in degree, not universal, affected by close inter- 
breeding, removed by domestication— Laws governing the sterility 
of hybrids — Sterility not a special endowment, but incidental 
on other differences— Causes of the sterility of first crosses and 
of hybrids —Parallelism between the effects of changed con- 
ditions of life and crossing — Fertility of varieties when crossed 
and of their mongrel offspring not universal — Hybrids and 
mongrels compared independently of their fertility — Summary. 

The view generally entertained by naturalists is that 
species, when intercrossed, have been specially endowed 
with the quality of sterility, in order to prevent the 
confusion of all organic forms. This view certainly 
seems at first probable, for species within the same 
country could hardly have kept distinct had they been 
capable of crossing freely. The importance of the fact 
that hybrids are very generally sterile, has, I think, 
been much underrated by some late writers. On the 
theory of natural selection the case is especially im- 
portant, inasmuch as the sterihty of hybrids could not 
possibly be of any advantage to them, and therefore 
could not have been acquired by the continued preser- 
vation of successive profitable degrees of sterility. I 
hope, however, to be able to show that sterility is not 
a specially acquired or endowed quality, but is inci- 
dental on other acquired differences. 

In treating this subject, two classes of facts, to a 
large extent fundamentally different, have generally 
been confounded together ; namely, the sterihty of two 
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species when first crossed, and the sterility of the hybrids 
produced from them. 

Pure species have of course their organs of reproduc- 
tion in a perfect condition, yet when intercrossed they 
produce either few or no offspring. Hybrids, on the 
other hand, have their reproductive organs functionally 
impotent, as may be clearly seen in the state of the 
male element in both plants and animals ; though the 
organs themselves are perfect in structure, as far as the 
microscope reveals. In the first case the two sexual 
elements which go to form the embryo are perfect ; in 
the second case they are either not at all developed, or 
are imperfectly developed. This distinction is import- 
ant, when the cause of the sterility, which is common to 
the two cases, has to be considered. The distinction has 
probably been slurred over, owing to the sterility in 
both cases being looked on as a special endowment, 
beyond the province of our reasoning powers. 

The fertility of varieties, that is of the forms known 
or believed to have descended from common parents, 
when intercrossed, and likewise the fertility of their 
mongrel offspring, is, on my theory, of equal im- 
portance with the sterility of species ; for it seems to 
make a broad and clear distinction between varieties 
and species. 

First, for the sterility of species when crossed and of 
their hybrid offspring. It is impossible to study the 
several memoirs and works of those two conscien- 
tious and admirable observers, Kolreuter and Gartner, 
who almost devoted their lives to this subject, without 
being deeply impressed with the high generality of 
some degree of sterility. Kolreuter makes the rule 
universal ; but then he cuts the knot, for in ten cases 
in which he found two forms, considered by most 
authors as distinct species, quite fertile together, he 
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unhesitatingly ranks them as varieties. Gartner, also, 
makes the rule equally universal ; and he disputes the 
entire fertility of Kolreuter’s ten cases. But in these 
and in many other cases, Gartner is obliged carefully 
to count the seeds, in order to show that there is 
any degree of sterility. He always compares the 
maximum number of seeds produced by two species 
when crossed and by their hybrid offspring, with the 
average number produced by both pure parent-species 
in a state of nature. But a serious cause of error seems 
to me to be here introduced : a plant to be hybridised 
must be castrated, and, what is often more important, 
must be secluded in order to prevent pollen being 
brought to it by insects from other plants. Nearly all the 
plants experimentised on by Gartner were potted, and 
apparently were kept in a chamber in his house. That 
these processes are often injurious to the fertility of a 
plant cannot be doubted ; for Gartner gives in his table 
about a score of cases of plants which he castrated, and 
artificially fertilised with their own pollen, and (exclud- 
ing all cases such as the Leguminosae, in which there 
is an acknowledged difficulty in the manipulation) half 
of these twenty plants had their fertility in some degree 
impaired. Moreover, as Gartner during several years 
repeatedly crossed the primrose and cowslip, which we 
have such good reason to believe to be varieties, 
and only once or twice succeeded in getting fertile 
seed; as he found the common red and blue pim- 
pernels (Anagallis arvensis and ccerulea), which the 
best botanists rank as varieties, absolutely sterile to- 
gether; and as he came to the same concluson in 
several other analogous cases ; it seems to me that we 
may well be permitted to doubt whether many other 
species are really so sterile, when intercrossed, as Gart- 
ner believes. 
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It is certain, on the one hand, that the sterility of 
various species when crossed is so different in degree 
and graduates away so insensibly, and, on the other 
hand, that the fertility of pure species is so easily 
affected by various circumstances, that for aU practical 
purposes it is most difficult to say where perfect fertility 
ends and sterility begins. I think no better evidence 
of this can be required than that the two most experi- 
enced observers who have ever lived, namely, Kblreuter 
and Gartner, should have arrived at diametrically oppo- 
site conclusions in regard to the very same species. 
It is also most instructive to compare — ^but I have not 
space here to enter on details — ^the evidence advanced 
by our best botanists on the question whether certain 
doubtful forms should be ranked as species or varieties, 
with the evidence from fertility adduced by different 
hybridisers, or by the same author, from experiments 
made during different years. It can thus be shown that 
neither sterility nor fertility affords any clear distinction 
between species and varieties; but that the evidence 
from t.biH source graduates away, and is doubtful in the 
same degree as is the evidence derived from other con- 
stitutional and structural differences. 

In regard to the sterility of hybrids in successive 
generations ; though Gaxtner was enabled to rear some 
hybrids, carefully guarding them from a cross with 
either piu-e parent, for six or seven, and in one case for 
ten generations, yet he asserts positively that their fer- 
tility never increased, but generally greatly decreased. 
I do not doubt that this is usually the case, and that 
the fertility often suddenly decreases in the first few 
generations. Nevertheless I believe that in all these 
experiments the fertility has been diminished by an 
independent cause, namely, from close interbreeding. 
I have collected so large a body of facts, showing 
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Eev. W. Herbert. He is as emphatic in his conclusion 
that some hybrids are perfectly fertile — as fertile as the 
pure parent-species — as are Kblreuter and Gartner that 
some degree of sterility between distinct species is a 
universal law of nature. He experimentised on some 
of the very same species as did Gartner. The differ- 
ence in their results may, I think, be in part ac- 
counted for by Herbert’s great horticultural skill, and 
by his having hothouses at his command. Of his many 
important statements I will here give only a single 
one as an example, namely, that “every ovule in a 
pod of Crinum capense fertilised by C. revolutum pro- 
duced a plant, which (he says) I never saw to occur in 
a case of its natural fecundation.” So that we here 
have perfect, or even more than commonly perfect, fer- 
tility in a first cross between two distinct species. 

This case of the Crinum leads me to refer to a most 
singular fact, namely, that there are individual plants, 
as with certain species of Lobelia, and with all the 
species of the genus Hippeastrum, which can be far more 
easily fertilised by the pollen of another and distinct 
species, than by their own pollen. For these plants 
have been found to yield seed to the pollen of a distinct 
species, though quite sterile with their own pollen, not- 
withstanding that their own pollen was found to be per- 
fectly good, for it fertilised distinct species. So that 
certW individual plants and all the individuals of cer- 
tain species can actually be hybridised much more 
readily than they can be self-fertilised ! For instance, 
a bulb of Hippeastrum aulicum produced four flowers ; 
three were fertilised by Herbert with their own pollen, 
and the fourth was subsequently fertilised by the pollen 
of a compound hybrid descended from three other and 
distinct species: the result was that “the ovaries of 
the three first flowers soon ceased to grow, and after a 
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few days perished entirely, whereas the pod impreg- 
nated by the pollen of the hybrid made vigorous 
growth and rapid progress to maturity, and bore good 
seed, which vegetated freely.” In a letter to me, in 
1839, Mr. Herbert told me that he had then tried the 
experiment during five years, and he continued to try 
it during several subsequent years, and always with the 
same result. This result has, also, been confirmed by 
other observers in the case of Hippeastrum mth its 
sub-genera, and in the case of some other genera, as 
Lobelia, Passiflora and V erbascTim. Although the plants 
in these experiments appeared perfectly healthy, and 
although both the ov^es and pollen of the same 
flower were perfectly good with respect to other species, 
yet as they were functionally imperfect in their mutual 
self-action, we must infer that the plants were in an 
unnatural state. Nevertheless these facts show on what 
slight and mysterious causes the lesser or greater fer- 
tility of species when crossed, in comparison with the 
same species when seK-fertilised, sometimes depends. 

The practical experiments of horticulturists, though 
not made with scientific precision, deserve some 
notice. It is notorious in how complicated a manner 
the species of Pelargonium, Fuchsia, Calceolaria, Pe- 
tunia, Rhododendron, &c., have been crossed, yet many 
of these hybrids seed freely. For instance, Herbert 
asserts that a hybrid from Calceolaria integrifolia 
and plantaginea, species most widely dissimilar in 
general habit, “reproduced itself as perfectly as if 
it had been a natural species from the mountains of 
Chile.” I have taken some pains to ascertain the 
degree of fertility of some of the complex crosses of 
Rhododendrons, and I am assured that many of them 
are perfectly fertile. Mr. C. Noble, for instance, informs 
me that he raises stocks for grafting from a hybrid 
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between Rhod. Ponticum and Catawbiense, and that 
this hybrid “seeds as freely as it is possible to ima- 
gine.” Had hybrids, when fairly treated, gone on de- 
creasing in fertility in each successive generation, as 
Gartner believes to be the case, the fact would have 
been notorious to nurserymen. Horticulturists raise 
large beds of the same hybrids, and such alone are 
fairly treated, for by insect agency the several indi- 
viduals of the same hybrid variety are allowed to freely 
cross with each other, and the injurious influence of 
close interbreeding is thus prevented. Any one may 
readily convince himself of the efficiency of insect- 
agency by examining the flowers of the more sterile 
kinds of hybrid rhododendrons, which produce no pol- 
len, for he will And on their stigmas plenty of pollen 
brought from other flowers. 

In regard to animals, much fewer experiments have 
been carefully tried than \Nuth plants. If our systematic 
arrangements can be trusted, that is if the genera of 
animals are as distinct from each other, as are the genera 
of plants, then we may infer that ftni‘Tna.1s more widely 
separated in the scale of nature can be more easily 
crossed than in the case of plants; but the hybrids 
themselves are, I think, more sterile. I doubt whether 
any case of a perfectly fertile hybrid animal can be 
considered as thoroughly well authenticated. It should, 
however, be borne in mind that, owing to few animals 
breeding freely under confinement, few experiments 
have been fairly tried: for instance, the canary-bird 
has been crossed with nine other finches, but as not 
one of these nine species breeds freely in confinement, 
we have no right to expect that the first crosses be- 
tween them and the canary, or that their hybrids, 
should be perfectly fertile. Again, with respect to the 
fertility in successive generations of the more fertile 



254 



HYBRIDISM. 



Chap. VIII. 



largely accepted by modem naturalists ; namely, that 
most of our domestic animals have descended from two 
or more aboriginal species, since commingled by inter- 
crossing. On this view, the aboriginal species must 
either at first have produced quite fertile hybrids, or 
the hybrids must have become in subsequent genera- 
tions quite fertile under domestication. This latter 
alternative seems to me the most probable, and I am 
inclined to believe in its tnith, although it rests on no 
direct evidence. I believe, for instance, that our dogs 
have descended from several wild stocks ; yet, with per- 
haps the exception of certain indigenous domestic dogs 
of South America, all are quite fertile together; and 
analogy makes me greatly doubt, whether the several 
aboriginal species would at first have freely bred to- 
gether and have produced quite fertile hybrids. So 
again there is reason to believe that oiu- European and 
the humped Indian cattle are quite fertile together; 
but fix»m facts communicated to me by Mr. Blyth, I 
think they must be considered as distinct species. On 
this view of the origin of many of our domestic animals, 
we must either give up the belief of the almost uni- 
versal sterility of distinct species of animals when 
crossed; or we must look at sterility, not as an in- 
delible characteristic, but as one capable of being re- 
moved by domestication. 

Finally, looking to all the ascertained facts on the 
intercrossing of plants and animals, it may be con- 
cluded that some degree of sterility, both in first crosses 
and in hybrids, is an extremely general result ; but that 
it cannot, under our present state of knowledge, be con- 
sidered as absolutely universal. 

Laws governing the Sterility of first Crosses and of Hy- 
brids . — ^We will now consider a little more in detail the 
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circumstances and rules governing the sterility of first 
crosses and of hybrids. Om* chief object wiU to see 
whether or not the rules indicate that species have 
specially been endowed with this quality, in order to 
prevent their crossing and blending together in utter 
confusion. The following rules and conclusions are 
chiefly drawn up from Gartner’s admirable work on the 
hybridisation of plants. I have taken much pains to 
ascertain how far the rules apply to animals, and con- 
sidering how scanty our knowle^e is in regard to hy- 
brid animals, I have been surprised to find how gene- 
rally the same rules apply to both kingdoms. 

It has been already remarked, that the degree of fer- ' 
tility, both of first crosses and of hybrids, graduates 
from zero to perfect fertility. It is siuprising in how 
many curious ways this gradation can be shown to 
exist ; but only the barest outline of the facts can here 
be given. When pollen from a plant of one family is 
placed on the stigma of a plant of a distinct family, it 
exerts no more influence than so much inorganic dust. 
From this absolute zero of fertility, the pollen of difier- 
ent species of the same genus applied to the stigma of 
some one species, yields a perfect gradation in the 
number of seeds produced, up to nearly complete or 
even quite complete fertility; and, as we have seen, 
in certain abnormal cases, even to an excess of fertility, 
beyond that which the plant’s own pollen will produce. 
So in hybrids themselves, there are some which never 
have produced, and probably never would produce, even 
with the pollen of either pure parent, a single fertile seed : 
but in some of these cases a first trace of fertility may 
be detected, by the poUen of one of the pure parent- 
species causing the flower of the hybrid to wither 
earlier than it otherwise would have done; and the 
early withering of the flower is well known to be a sign 
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of incipient fertilisation. From this extreme degree 
of sterility we have self-fertilised hybrids producing a 
greater and greater number of seeds up to perfect fer- 
tility. 

Hybrids from two species which are very diflScult to 
cross, and which rarely produce any offspring, are gene- 
rally very sterile ; but the parallelism between the diffi- 
culty of making a first cross, and the sterility of the 
hybrids thus produced — two classes of facts which are 
generally confounded together — is by no means strict. 
There are many cases, in which two pure species can be 
united with unusual facility, and produce niunerous 
hybrid-offspring, yet these hybrids are remarkably 
sterile. On the other hand, there are species which 
can be crossed very rarely, or with extreme difficulty, 
but the hybrids, when at last produced, are very fertile. 
Even within the limits of the same genus, for instance 
in Dianthus, these two opposite cases occur. 

The fertility, both of first crosses and of hybrids, is 
more easily affected by unfavourable conditions, than 
is the fertility of pure species. But the degree of 
fertihty is likewise innately variable ; for it is not always 
the same when the same two species are crossed under 
the same circumstances, but depends in part upon the 
constitution of the individuals which happen to have 
been chosen for the experiment So it is with hybrids, 
for their degree of fertility is often found to differ 
greatly in the several individuals raised from seed out 
of the same capsule and exposed to exactly the same 
conditions. 

By the t rm systematic affinity is meant, the resem- 
blance between species in structure and in constitution, 
more especially in the structure of parts which are of 
high physiological importance and which differ little in 
the allied species. Now the fertility of first crosses 
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between species, and of the hybrids produced from 
them, is largely governed by their systematic af- 
finity, This is clearly shown by hybrids never having 
been raised between species ranked by systematists in 
distinct families ; and on the other hand, by very closely 
allied species generally uniting with facility. But the 
correspondence between systematic affinity and the 
facility of crossing is by no means ^ct, A mul- 
titude of cases could be given of very closely allied 
species which wiU not unite, or only with extreme 
difficulty; and on the other hand of very distinct 
species which unite with the utmost facility. In the 
same family there may be a genus, as Dianthus, in 
which very many species can most readily be crossed ; 
and another genus, as Silene, in which the most 
persevering efforts have failed to produce between 
extremely close species a single hybrid. Even within 
the limits of the same genus, we meet with this same 
difference ; for instance, the many species of Nicotiana 
have been more largely crossed than the species of 
almost any other genus; but Gartner foimd that N. 
acuminata, which is not a particularly distinct species, 
obstinately failed to fertilise, or to be fertilised by, no 
less than eight other species of Nicotiana. Very many 
analogous facts could be given. 

No one has been able to point out what kind, or what 
amount, of difference in any recognisable character is 
I sufficient to prevent two species crossing. It can be 
shown that plants most widely different in habit and 
j general appearance, and having strongly marked differ- 
ences in every part of the fiower, even in the pollen, in 
the fruit, and in the cotyledons, can be crossed. Annual 
and perennial plants, deciduous and evergreen trees, 
plants inhabiting different stations and fitted for ex- 
tremely different climates, can often be crossed with ease. 
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By a reciprocal cross between two species, I mean 
the case, for instance, of a stallion-horse being first 
crossed with a female-ass, and then a male-ass with a 
mare : these two species may then be said to have been 
reciprocally crossed. There is often the widest possible 
difference in the facility of making reciprocal crosses. 
Such cases are highly important, for they prove that 
the capacity in any two species to cross is often com- 
pletely independent of their systematic affinity, or of 
any recognisable difference in their whole organisation. 
On the other hand, these cases clearly show that the 
capacity for crossing is connected with constitutional 
differences imperceptible by us, and confined to the 
reproductive system. This difference in the result of 
reciprocal crosses between the same two species was 
long ago observed by Kblreuter. To give an instance : 
Mirabilis jalappa can easily be fertilised by the poUen 
of M. longiflora, and the hybrids thus produced are 
sufficiently fertile ; but Kolreuter tried more than two 
himdred times, during eight following years, to fertilise 
reciprocally M. longiflora with the pollen of M. jalappa, 
and utterly failed. Several other equally striking cases 
could be given. Thuret has observed the same fact 
with certain sea-weeds or Fuci. Gartner, moreover, 
found that this difference of facility in making reci- 
procal crosses is extremely common in a lesser degree. 
He has observed it even between forms so closely related 
(as Matthiola annua and glabra) that many botanists 
rank them only as varieties. It is also a remarkable 
fact, that hybrids raised from reciprocal crosses, though 
of course compounded of the very same two species, 
the one species having first been used as the father and 
then as the mother, generally differ in fertility in a 
small, and occasionally in a high degree. 

Several other singular rules could be given from 
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Gartner : for instance, some species have a remarkable 
power of crossing with other species; other species of 
the same genus have a remarkable power of impressing 
their likeness on their hybrid offspring; but these 
two powers do not at all necessarily go together. 
There are certain hybrids which instead of having, as 
is usual, an intermediate character between their two 
parents, always closely resemble one of them; and 
such hybrids, though externally so like one of their pure 
parent-species, are with rare exceptions extremely 
sterile. So again amongst hybrids which are usually 
intermediate in structure between their parents, ex- 
ceptional and abnormal individuals sometimes are bom, 
which closely resemble one of their pure parents ; and 
these hybrids are almost always utterly sterile, even 
when the other hybrids raised from seed from the same 
capsule have a considerable degree of fertility. These 
facts show how completely fertility in the hybrid is 
independent of its external resemblance to either pure 
parent. 

Considering the several rules now given, which 
govern the fertility of first crosses and of hybrids, we 
see that when forms, which must be considered as 
good and distinct species, are united, their fertility 
graduates from zero to perfect fertility, or even to 
fertility under certain conditions in excess. That 
their fertility, besides being eminently susceptible to 
favourable and unfavourable conditions, is innately 
variable. That it is by no means always the same in 
degree in the first cross and in the hybrids produced 
from this cross. That the fertility of hybrids is not 
related to the degree in which they resemble in exter- 
nal appearance either parent. And lastly, that the 
facility of making a first cross between any two species 
is not always governed by their systematic affinity or 
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degree of resemblance to each other. This latter 
statement is clearly proved by reciprocal crosses 
between the same two species, for according as the 
one species or the other is used as the father or 
the mother, there is generally some difference, and 
occasionally the widest possible difference, in the 
facility of effecting an union. The hybrids, more- 
over, produced from reciprocal crosses often differ in 
fertility. 

Now do these complex and singular rules indicate 
that species have been endowed with sterility simply 
to prevent their becoming confounded in nature? I 
think not. For why should the sterility be so extremely 
different in degree, when various species are crossed, all 
of which we must suppose it would be equally important 
to keep from blendhig together? "V^y should the 
degree of sterility be innately variable in the individuals 
of the same species ? \^^ly should some species cross 
with facility, and yet produce very sterile hybrids; 
and other species cross with extreme difficulty, and yet 
produce fairly fertile hybrids ? Why should there often 
be so great a difference in the result of a reciprocal 
cross between the same two species? WThy, it may 
even be asked, has the production of hybrids been per- 
mitted ? to grant to species the special power of pro- 
ducing hybrids, and then to stop their further propaga- 
tion by different degrees of sterility, not strictly related 
to the facility of the first union between their parents, 
seems to be a strange arrangement. 

I The foregoing rules and facts, on the other hand, ap- 
pear to me clearly to indicate that the sterility both of 
first crosses and of hybrids is simply incidental or de- 
pendent on imkno\vn differences, chiefly in the repro- 
ductive systems, of the species which are crossed. The 
differences being of so peculiar and limited a nature, 
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that, in reciprocal crosses between two species the male 
sexual element of the one will often freely act on the 
female sexual element of the other, but not in a re- 
versed direction. It will be advisable to explain a little 
more fully by an example what I mean by sterility 
being incidental on other differences, and not a speci- 
ally endowed quality. As the capacity of one plant to 
be grafted or budded on another is so entirely unim- 
portant for its welfare in a state of nature, I presume 
that no one will suppose that this capacity is a specially 
endowed quality, but will admit that it is incidental 
on differences in the laws of growth of the two plants. 
We can sometimes see the reason why one tree will 
not take on another, from differences in their rate of 
growth, in the hardness of their wood, in the period of 
the flow or nature of their sap, &c. ; but in a multitude 
of cases we can assign no reason whatever. Great di- 
versity in the size of two plants, one being woody and 
the other herbaceous, one being evergreen and the 
other deciduous, and adaptation to widely different 
climates, does not always prevent the two grafting to- 
gether. As in hybridisation, so with gifting, the^ 
capacity is limited by systematic aflSnity, for no one 
has been able to graft trees together belonging to quite 
distinct families ; and, on the other hand, closely allied 
species, and varieties of the same species, can usually, 
but not invariably, be grafted with ease. But this capa- 
city, as in hybridisation, is by no means absolutely go- 
verned by systematic affinity. Although many di^inct 
genera within the same family have been grafted to- 
gether, in other cases species of the same genus will 
not take on each other. The pear can be grafted far 
more readily on the quince, which is ranked as a distinct 
genus, than on the apple, which is a member of the 
same genus. Even different varieties of the pear take 



262 



HYBRIDISM. 



Chap. VIII. 



with different degrees of facility on the quince ; so do 
different varieties of the apricot and peach on certain 
varieties of the plum. 

As Gartner found that there was sometimes an innate 
difference in different individuaU of the same two spe- 
cies in crossing ; so Sagaret believes this to be the case 
with different individuals of the same two species in 
being grafted together. As in reciprocal crosses, the 
facility of effecting an union is often very far from 
equal, so it sometimes is in grafting; the common 
gooseberry, for instance, cannot be grafted on the cur- 
rant, whereas the currant will take, though with diffi- 
culty, on the gooseberry. 

We have seen that the sterility of hybrids, which 
have their reproductive organs in an imperfect con- 
dition, is a very different case from the difficulty of 
uniting two pure species, which have their reproduc- 
tive organs perfect ; yet these two distinct cases run 
to a certain extent parallel. Something analogous 
occurs in grafting ; for Thouin found that three species 
of Robinia, which seeded freely on their own roots, 
and which could be grafted with no great difficulty 
on another species, when thus grafted were rendered 
barren. On the other hand, certain species of Sorbus, 
when grafted on other species, yielded twice as much 
fruit as when on their own roots. We are reminded by 
tliis latter fact of the extraordinary case of Hippe- 
astrum. Lobelia, &c., which seeded much more freely 
when fertilised with the pollen of distinct species, than 
when seK-fertilised with their own pollen. 

We thus see, that although there is a clear and 
fundamental difference between the mere adhesion of 
grafted stocks, and the union of the male and female 
elements in the act of reproduction, yet that there is a 
rude degree of parallelism in the results of grafting and 
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male element may reach the female element, but be 
incapable of causing an embryo to be developed, as 
seems to have been the case with some of Thuret’s 
experiments on Fuci. No explanation can be given 
of these facts, any more than why certain trees cannot 
be grafted on others. Lastly, an embryo may be 
developed, and then perish at an early period. This 
latter alternative has not been suflSciently attended to ; 
but I believe, from observations communicated to me by 
Mr. Hewitt, who has had great experience in hybridising 
gallinaceous birds, that the early death of the embryo 
is a very frequent cause of sterility in first crosses. I 
was at first very imwiUing to believe in this view; 
as hybrids, when once bom, are generally healthy 
and long-lived, as we see in the case of the common 
mule. Hybrids, however, are differently circumstanced 
before and after birth : when bom and living in a coun- 
try where their two parents can live, they are gene- 
rally placed under suitable conditions of life. But a 
hybrid partakes of only half of the nature and consti- 
tution of its mother, and therefore before birth, as long 
as it is nourished within its mother’s womb or within 
the egg or seed produced by the mother, it may be 
exposed to conditions in some degree unsuitable, 
and consequently be liable to perish at an early 
period ; more especially as all very young beings seem 
eminently sensitive to injurious or imnatural condi- 
tions of life. 

In regard to the sterility of hybrids, in which the 
sexual elements are imperfectly developed, the case is 
very different I have more than once alluded to a 
large body of facts, which I have collected, showing 
that when animals and plants are removed from their 
natural conditions, they are extremely liable to have their 
reproductive systems seriously affected. This, in fact, is 
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the great bar to the domesticjation of aaimals. Between 
the sterility thus superinduced and that of hybrids, there 
are many points of similarity. In both cases the sterility 
is independent of general health, and is often accom- 
panied by excess of size or great luxuriance. In both 
cases, the sterility occurs in various degrees; in both, 
the male element is the most liable to be affected ; but 
sometimes the female more than the male. In both, 
the tendency goes to a certain extent with systematic 
affinity, for whole groups of animals and plants are ren- 
dered impotent by the same unnatural conditions ; and 
whole groups of species tend to produce sterile hybrids. 
On the other hand, one species in a group will some- 
times resist great changes of conditions with unimpaired 
fertility; and certain species in a group will produce 
unusu^y fertile hybrids. No one can tell, till he tries, 
whether any particulax animal will breed under confine- 
ment or any plant seed fi-eely under culture ; nor can 
he teU, tiU he tries, whether any two species of a genus 
will produce more or less sterile hybrids. Lastly, when 
organic beings are placed during several generations 
under conditions not natural to them, they are ex- 
tremely liable to vary, which is due, as I believe, 
to their reproductive systems having been specially 
affected, though in a lesser degree than when sterility 
ensues. So it is with hybrids, for hybrids in successive 
generations are eminently Liable to vary, as every expe- 
rimentalist has observed. 

Thus we see that when organic beings are placed 
under new and unnatural conditions, and when hybrids 
are produced by the unnatural crossing of two species, 
the reproductive system, independently of the general 
state of health, is affected by sterility in a very similar 
manner. In the one case, the conditions of life have 
been disturbed, though often in so slight a degree as to 
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be inappreciable by ns; in the other case, or that of 
hybrids, the external conditions have remained the same, 
but the organisation has been disturbed by two different 
structures and constitutions having been blended into 
one. For it is scarcely possible that two organisations 
should be compounded into one, without some disturb- 
ance occurring in the development, or periodical action, 
or mutual relation of the different parts and organs one 
to another, or to the conditions of life. When hybrids 
are able to breed inter se, they transmit to their offspring 
from generation to generation the same compounded 
organisation, and hence we need not be surprised that 
their sterility, though in some degree variable, rarely 
diminishes. 

It must, however, be confessed that we cannot under- 
stand, excepting on vague hypotheses, several facts with 
respect to the sterility of hybrids; for instance, the 
unequal fertility of hybrids produced from reciprocal 
crosses ; or the increased sterility in those hybrids which 
occasionally and exceptionally resemble closely either 
pure parent. Nor do I pretend that the foregoing 
remarks go to the root of the matter: no explanation 
is offered why an organism, when placed under unna- 
tural conditions, is rendered sterile. All that I have 
attempted to show, is that in two cases, in some respects 
allied, sterility is the common result, — in the one case 
from the conditions of life having been disturbed, in the 
other case from the organisation having been disturbed 
by two organisations having been compounded into one. 

It may seem fancihil, but I suspect that a similar 
parallelism extends to an allied yet very different class 
of facts. It is an old and almost universal belief, 
founded, I think, on a considerable body of evidence, 
that slight changes in the conditions of life are bene- 
ficial to all living things. We see this acted on by 
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farmers and gardeners in their frequent exchanges of 
seed, tubers, &a, from one soil or climate to another, 
and back again. During the convalescence of animals, 
we plainly see that great benefit is derived from almost 
any change in the habits of life. Again, both with 
plants and animals, there is abundant evidence, that a 
cross between very distinct individuals of the same spe- 
cies, that is between members of different strains or 
sub-breeds, gives vigour and fertility to the offspring. 
I believe, indeed, from the facts alluded to in our fourth 
chapter, that a certain amount of crossing is indispens- 
able even with hermaphrodites; and that close inter- 
breeding continued during several generations between 
the nearest relations, especially if these be kept under 
the same conditions of life, always induces weakness 
and sterility in the progeny. 

Hence it seems that, on the one hand, slight changes 
in the conditions of life benefit aU organic beings, and 
on the other hand, that slight crosses, that is crosses 
between the males and females of the same species 
which have varied and become slightly different, give 
vigour and fertility to the offspring. But we have 
seen that greater changes, or changes of a particular 
nature, often render organic beings in some degree 
sterile ; and that greater crosses, that is crosses between 
males and females which have become widely or spe- 
cifically different, produce hybrids which are generally 
sterile in some degree. I cannot persuade myself that 
this parallelism is an accident or an illusion. Both 
series of facts seem to be connected together by some 
common but unknown bond, which is essentially related 
to the principle of life. 

Fertility of Varieties when crossed, and of their Mongrel 
offspring . — It may be urged, as a most forcible argu- 
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ment, tliat there must be some essential distinction 
between species and varieties, and that there must be 
some error in aU the foregoing remarks, inasmuch as 
varieties, however much they may differ from each 
other in external appearance, cross with perfect facility, 
and yield perfectly fertile offspring. I fully admit that 
this is almost invariably the case. But if we look to 
varieties produced under nature, we are immediately 
involved in hopeless diflSculties; for if two hitherto 
reputed varieties be found in any degree sterile to- 
gether, they are at once ranked by most naturalists 
as species. For instance, the blue and red pimpernel, 
the primrose and cowslip, which are considered by 
many of our best botanists as varieties, are said by 
Gartner not to be quite fertile when crossed, and he 
consequently ranks them as undoubted species. If we 
thus argue in a circle, the fertility of all varieties pro- 
duced under nature will assuredly have to be granted 
If we turn to varieties, produced, or supposed to have 
been produced, under domestication, we are still in- 
volved in doubt For when it is stated, for instance, 
that the German Spitz dog unites more easily than 
other dogs with foxes, or that certain South American 
indigenous domestic dogs do not readily cross with Eiu*o- 
pean dogs, the explanation which will occur to every 
one, and probably the true one, is that these dogs have 
descended from several aboriginally distinct species. 
Nevertheless the perfect fertility of so many domestic 
varieties, differing widely from each other in appear- 
ance, for instance of the pigeon or of the cabbage, is 
a remarkable fact; more especially when we reflect 
how many species there are, which, though resem- 
bling each other most closely, are utterly sterile when 
intercrossed. Several considerations, however, render 
the fertility of domestic varieties less remarkable than 
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at first appears. It can, in the first place, be clearly 
shown that mere external dissimilarity between two spe- 
cies does not determine their greater or lesser degree of 
sterility when crossed ; and we may apply the same rule 
to domestic varieties. In the second place, some emi- 
nent naturalists believe that a long course of domesti- 
cation tends to eliminate sterility in the successive 
generations of hybrids, which were at first only slightly 
sterile ; and if this be so, we surely ought not to expect 
to find sterility both appearing and disappearing under 
nearly the same conditions of life. Lastly, and this 
seems to me by far the most important consideration, 
new races of animals and plants are produced under 
domestication by man’s methodical and unconscious 
power of selection, for his own use and pleasure : he 
neither wishes to select, nor could select, slight differ- 
ences in the reproductive system, or other constitutional 
differences correlated with the reproductive system. 
He supplies his several varieties mth the same food ; 
treats them in nearly the same manner, and does not 
wish to alter their general habits of life. Nature acts 
uniformly and slowly during vast periods of time on the 
whole organisation, in any way which may be for each 
creature’s own good ; and thus she may, eitherdirectly, 
or more probably indirectly, through correlation, modify 
the reproductive system in the several descendants from 
any one species. Seeing this difference in the process 
of selection, as carried on by man and nature, we need 
not be surprised at some difference in the result. 

I have as yet spoken as if the varieties of the same 
species were invariably fertile when intercrossed. But 
it seems to me impossible to resist the evidence of the 
existence of a certain amount of sterility in the few 
following cases, which I will briefly abstract. The evi- 
dence is at least as good as that from which we believe. 



270 



HYBRIDISM. 



Chai«. VJII. 



in the sterility of a multitude of species. The evidence 
is, also, derived from hostile witnesses, who in all other 
cases consider fertility and sterility as safe criterions 
of specific distinction. Gartner kept during several 
years a dwarf kind of maize with yellow seeds, and a 
tall variety with red seeds, growing near each other in 
his garden ; and although these plants have separated 
sexes, they never naturally crossed. He then fertilised 
thirteen flowers of the one with the pollen of the other ; 
but only a single head produced any seed, and this one 
head produced only five grains. Manipulation in this 
case could not have been injurious, as the plants have 
separated sexes. No one, I believe, has suspected that 
these varieties of maize are distinct species; and 
it is important to notice that the hybrid plants thus 
raised were themselves perfectly fertile ; so that even 
Gartner did not venture to consider the two varieties as 
specifically distinct. 

Girou de Buzareingues crossed three varieties of 
gourd, which like the maize has separated sexes, and 
he asserts that their mutual fertilisation is by so much 
the less easy as their differences are greater. How far 
these experiments may be trusted, I know not ; but the 
forms experimentised on, are ranked by Sagaret, who 
mainly founds his classification by the test of infertility, 
as varieties. 

The following case is far more remarkable, and seems 
at first quite incredible ; but it is the result of an asto- 
nishing number of experiments made during many years 
on nine species of Verbascum, by so good an observer 
and so hostile a witness, as Gartner : namely, that yellow 
and white varieties of the same species of Verbascum 
when intercrossed produce less seed, than do either 
coloured varieties when fertilised with pollen from their 
own coloured flowers. Moreover, he asserts that when 
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ous ; but some few cases both of hybrids and mongrels 
long retaining uniformity of character could be given. 
The variability, however, in the successive generations 
of mongrels is, perhaps, greater than in hybrids. 

This greater variability of mongrels than of hybrids 
does not seem to me at all surprising. For the parents 
of mongrels are varieties, and mostly domestic varieties 
(very few experiments having been tried on natural 
varieties), and this implies in most cases that there has 
been recent variability ; and therefore we might expect 
that such variability would often continue and be super- 
added to that arising from the mere act of crossing. 
The slight degree of variability in hybrids from the first 
cross or in the first generation, in contrast with their 
extreme variability in the succeeding generations, is a 
curious fact and deserves attention. For it bears on 
and corroborates the view which I have taken on the 
cause of ordinary variability ; namely, that it is due 
to the reproductive system being eminently sensitive 
to any change in the conditions of life, being thus 
often rendered either impotent or at least incapable 
of its proper function of producing offspring identical 
with the parent-form. Now hybrids in the first gene- 
ration are descended from species (excluding those 
long cultivated) which have not had their repro- 
ductive systems in any way affected, and they are 
not variable ; but hybrids themselves have their repro- 
ductive systems seriously affected, and their descend- 
ants are highly variable. 

But to return to our comparison of mongrels and 
hybrids : Gartner states that mongrels are more liable 
t^n hybrids to revert to either parent-form ; but 
this, if it be true, is certainly only a difference in 
degree. Gartner further insists that when any two 
species, although most closely allied to each other, are 
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crossed with a third species, the hybrids are widely 
different from each other ; whereas if two very distinct 
varieties of one species are crossed with another species, 
the hybrids do not differ much. But this conclusion, 
as far as I can make out, is founded on a single experi- 
ment; and seems directly opposed to the results of 
several experiments made by Kblreuter. 

These alone are the unimportant differences, which 
Gartner is able to point out, between hybrid and 
mongrel plants. On the other hand, the resemblance 
in mongrels and in hybrids to their respective parents, 
more especially in hybrids produced from nearly re- 
lated species, follows according to Gartner the same 
laws. When two species are crossed, one has some- 
times a prepotent power of impressing its likeness 
on the hybrid ; and so I believe it to be with varieties 
of plants. With animals one variety certainly often has 
this prepotent power over another variety. Hybrid 
plants produced from a reciprocal cross, generally re- 
semble each other closely ; and so it is with mongrels 
from a reciprocal cross. Both hybrids and mongrels 
can be reduced to either pure parent-form, by repeated 
crosses in successive generations with either parent. 

These several remarks are apparently applicable to 
animals; but the subject is here excessively compli- 
cated, partly owing to the existence of secondary sexual 
characters; but more especially owing to prepotency 
in transmitting likeness running more strongly in one 
sex than in the other, both when one species is crossed 
with another, and when one variety is crossed with an- 
other variety. For instance, I think those authors are 
right, who maintain that the ass has a prepotent power 
over the horse, so that both the mule and the hinn y 
more resemble the ass than the horse; but that the 
prepotency runs more strongly in the male-ass thf ^.^ in 
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the female, so that the mule, which is the offspring of 
the male-ass and mare, is more like an ass, than is the 
hinny, which is the offspring of the female-ass and 
stallion. 

Much stress has been laid by some authors on the 
supposed fact, that mongrel animals alone are bom 
closely like one of their parents ; but it can be shown 
that this does sometimes occur with hybrids; yet I 
grant much less frequently with hybrids than with 
mongrels. Looking to the cases which I have collected 
of cross-bred animals closely resembling one parent, 
the resemblances seem chiefly confined to characters 
almost monstrous in their nature, and which have sud- 
denly appeared — such as albinism, melanism, deficiency 
of tail or horns, or additional fingers and toes ; and do 
not relate to characters which have been slowly acquired 
by selection. Consequently, sudden reversions to the 
perfect character of either parent would be more likely 
to occur with mongrels, which are descended fix)m va- 
rieties often suddenly produced and semi-monstrous in 
character, than with hybrids, which are descended from 
species slowly and naturally produced. On the whole 
I entirely agree with Dr. Prosper Lucas, who, after 
arranging an enormous body of facts with respect to 
animals, comes to the conclusion, that the laws of resem- 
blance of the child to its parents are the same, whether 
the two parents differ much or little from each other, 
namely in the union of individuals of the same variety, 
or of different varieties, or of distinct species. 

Laying aside the question of fertility and sterility, 
in all other respects there seems to be a general and 
dose similarity in the offspring of crossed species, and of 
crossed varieties. If we look at species as having been 
specially created, and at varieties as having been pro- 
duced by secondary laws, this similarity would be an 
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CHAPTER IX. 

On the Imperfection of the Geological Eecobd. 

On the absence of intermediate varieties at the present day — On 
the nature of extinct intermediate varieties ; on their number — 
On the vast lapse of time, as inferred from the rate of deposi- 
tion and of denudation — On the poorness of our palseontolc^cal 
collections — On the intermittence of geological formations — 
On the absence of intermediate varieties in any one formation 
— On the sudden appearance of groups of species — On their 
sudden appearance in the lowest known fossiliferous strata. 

In the sixth chapter I enumerated the chief objections 
which might be justly urged against the views main- 
tained in this volume. Most of them have now been 
discussed. One, namely the distinctness of specific 
forms, and their not being blended together by innu- 
merable transitional links, is a very obvious diBBiculty. 
I assigned reasons why such links do not commonly 
occur at the present day, under the circumstances ap- 
parently most favourable for their presence, namely 
on an extensive and continuous area \nth graduated 
physical conditions. I endeavoured to show, that the 
life of each species depends in a more important manner 
on the presence of other already defined organic forms, 
than on chmate; and, therefore, that the really go- 
verning conditions of life do not graduate away quite 
insensibly like heat or moisture. I endeavoured, also, 
to show that intermediate varieties, from existing in 
lesser numbers than the forms which they connect, will 
generally be beaten out and exterminated during the 
course of further modification and improvement. The 
main cause, however, of innumerable intermediate links 
not now occurring everywhere throughout nature de- 
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pends on the very process of natural selection, through 
which new varieties continually take the places of and 
exterminate their parent-forms. But just in proportion 
as this process of extermination has acted on an 
enormous scale, so must the number of intermediate 
varieties, which have formerly existed on the earth, 
be truly enormous. Why then is not every geo- 
logical formation and every stratum full of such inter- 
mediate links ? Geology assuredly does not reveal any 
such finely graduated organic chain ; and this, perhaps, 
is the most obvious and gravest objection which can be 
urged against my theory. The explanation lies, as I 
beheve, in the extreme imperfection of the geological 
record. 

In the first place it should always be borne in mind 
what sort of intermediate forms must, on my theory, 
have formerly existed. I have found it difficult, when 
looking at any two species, to avoid picturing to myself, 
forms directly intermediate between them. But this 
is a wholly false view ; we should always look for forma 
intermediate between each species and a common but 
unknown progenitor ; and the progenitor will generally 
have differed in some respects from all its modified de- 
scendants. To give a simple illustration : the fantail and 
pouter pigeons have both descended from the rock-pigeon ; 
if we possessed all the intermediate varieties which 
have ever existed, we should have an extremely close series 
between both and the rock-pigeon ; but we should have 
no varieties directly intermediate between the fantail^ 
and pouter ; none, for instance, combining a tail some- 
what expanded with a crop somewhat enlarged, the 
characteristic features of these two breeds. These two 
breeds, moreover, have become so much modified, that 
if we had no historical or indirect evidence regarding 
their origin, it would not have been possible to have 
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determined from a mere comparison of their structure 
with that of the rock-pigeon, whether they had descended 
from this species or from some other allied species, such 
as C. oenas. 

So with natural species, if we look to forms very 
distinct, for instance to the horse and tapir, we have 
no reason to suppose that links ever existed directly 
iutermediate between them, but between each and an 
unknown common parent. The common parent will 
have had in its whole organisation much general resem- 
blance to the tapir and to the horse ; but in some points 
of structure may have differed considerably from both, 
even perhaps more than they differ from each other. 
Hence in all such cases, we should be unable to recog- 
nise the parent-form of any two or more species, even 
if we closely compared the structure of the parent with 
that of its modified descendants, unless at the same 
time we had a nearly perfect chain of the intermediate 
links. 

It is just possible by my theory, that one of two living 
forms might have descended from the other; for in- 
stance, a horse from a tapir; and in this case direct 
intermediate links will have existed between them. 
But such a case would imply that one form had re- 
mained for a very long period imaltered, whilst its 
descendants had undergone a vast amount of change ; 
and the principle of competition between organism and 
organism, between child and parent, will render this a 
very rare event ; for in all cases the new and improved 
forms of life wiQ tend to supplant the old and unim- 
proved forms. 

By the theory of natural selection all living species 
have been connected with the parent-species of each 
genus, by differences not greater than we see be- 
tween the varieties of the same species at the present 
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are the result and measure of the degradation which 
the earth’s crust has elsewhere suffered. And what an 
* amount of degradation is implied by the sedimentary 
\ deposits of many countries! Professor Kamsay has 
» given me the maximum thickness, in most cases from 
actual measurement, in a few cases from estimate, of 
each formation in different parts of Great Britain ; and 



this is the result : — 

Feet. 

Palasozoic strata (not including igneous beds) . . 57,154 

Secondary strata 13,190 

Tertiary strata 2,240 



— ^making altogether 72,584 feet ; that is, very nearly 
thirteen and three-quarters British mUes. Some of 
these formations, which are represented in England 
by thin beds, are thousands of feet in thickness on the 
Continent. Moreover, between each successive formation, 
we have, in the opinion of most geologists, enormously 
long blank periods. So that the lofty pile of sedimen- 
tary rocks in Britain, gives but an inadequate idea of 
the time which has elapsed during their accumulation ; 
yet what time this must have consumed! Good ob- 
servers have estimated that sediment is deposited by the 
great Mississippi river at the rate of only 600 feet in a 
hundred thousand years. This estimate may be quite 
erroneous ; yet, considering over what wide spaces very 
fine sediment is transported by the currents of the 
sea, the process of accumulation in any one area must 
be extremely slow. 

But the amount of denudation which the strata have 
in many places suffered, independently of the rate of 
accumulation of the degraded matter, probably offers 
the best evidence of the lapse of time. I remember 
having been much struck with the evidence of denuda- 
tion, when viewing volcanic islands, which have been 
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of one inch per century for the whole length would be 
an ample allowance. At this rate, on the above/ 
data, the denudation of the Weald must have required^ 
306,662,400 years ; or say three hundred million years. 

The action of fresh water on the gently inclined 
Wealden district, when upraised, could hardly have 
been great, but it woidd somewhat reduce the above 
estimate. On the other hand, during oscillations of 
level, which we know this area has imdei^one, the sur- 
face may have existed for millions of years as land, and 
thus have escaped the action of the sea : when deeply 
submerged for perhaps equally long periods, it would, 
likewise, have escap^ the action of the coast-waves. 
So that in all probability a far longer period than 300 
million years has elapsed since the latter part of the 
Secondary period. 

I have made these few remarks because it is highly 
important for us to gain some notion, however imper- 
fect, of the lapse of years. During each of these years, 
over the whole world, the land and the water has been 
peopled by hosts of living forms. What an infinite 
number of generations, which the mind cannot grasp, 
must have succeeded each other in the long roll of 
years! Now turn to our richest geological museums, 
and what a paltry display we behold 1 

On tJie poorness of our Pakeomtological collections . — 
That our palaeontological collections are very imperfect, 
is admitted by every one. The remark of that admir- 
able palaeontologist, the late Edward Forbes, should not 
be forgotten, namely, that numbers of our fossil species 
are known and named from single and often broken 
specimens, or from a few specimens collected on some 
one spot. Only a small portion of the surface of the » 
earth has been geologically explored, and no part with [ 
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sufficient care, as the important discoyeries made every 
year in Europe prove. No organism wholly soft can be 
preserved. Shells and bones will decay and disappear 
when left on the bottom of the sea, where sediment is 
not accumulating. I believe we are continually taking 
a most erroneous view, when we tacitly admit to our- 
selves that sediment is being deposited over nearly the 
whole bed of the sea, at a rate sufficiently quick to 
embed and preserve fossil remains. Throughout an 
enormously large proportion of the ocean, the bright 
blue tint of the water bespeaks its purity. The many 
cases on record of a formation conformably covered, 
after an enormous interval of time, by another and 
later formation, without the imderlying bed having 
suffered in the interval any wear and tear, seem ex- 
plicable only on the view of the bottom of the sea not 
rarely lying for ages in an unaltered condition. The 
remains which do become embedded, if in sand or gravel, 
will when the beds are upraised generally be dissolved 
by the percolation of rain-water. I suspect that but few 
of the very many animals which live on the beach be- 
tween high and low watermark are preserved. For in- 
stance, the several species of the ChthamalinsB (a sub- 
family of sessile cirripedes) coat the rocks all over the 
world in infinite numbers : they are all strictly littoral, 
with the exception of a single Mediterranean species, 
whieh inhabits deep water and has been found fossil in 
Sicily, whereas not one other species has hitherto been 
found in any tertiary formation : yet it is now known 
that the genus Chthamalus exist^ during the chalk 
period. The molluscan genus Chiton offers a partially 
analogous case. 

With respect to the terrestrial productions which 
lived during the Secondary and Palaeozoic periods, it is 
superfluous to state that our evidence from fossil 
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remains is fragmentary in an extreme degree. For 
instance, not a land shell is known belonging to 
either of these vast periods, with one exception <hsco- 
vered by Sir C. Lyell in the carboniferous strata of 
North America. In regard to mammiferous remains, a 
single glance at the historical table published in the 
Supplement to LyeU’s Manual, will bring home the 
truth, how accidental and rare is their preservation, far 
better than pages of detail. Nor is their rarity sur- 
prising, when we remember how large a proportion of 
the bones of tertiary mammals have been discovered 
either in caves or in lacustrine deposits ; and that not a 
cave or true lacustrine bed is known belonging to the 
age of our secondary or palaeozoic formations. 

But the imperfection in the geological record mainly 
results from another and more important cause than any 
of the foregoing ; namely, from the several formations 
being separated from each other by wide intervals ofj 
time. When we see the formations tabulated in written ^ 
works, or when we follow them in nature, it is 
difficult to avoid believing that they are closely con- 
secutive. But we know, for instance, from Sir E. 
Murchison’s great work on Kussia, what wide gaps 
there are in that coimtry between the superimposed 
formations; so it is in North America, and in many 
other parts of the world. The most skilful geologist, if 
his attention had been exclusively confined to these 
large territories, would never have suspected that during 
the periods which were blank and barren in his own 
country, great piles of sediment, charged with new and 
peculiar forms of life, had elsewhere been accumu- 
lated- And if in each separate territory, hardly any 
idea can be formed of the length of time which has 
elapsed between the consecutive formations, we may infer 
that thb could nowhere be ascertained. The frequent 
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and great changes in the mineralogical composition of 
consecutive formations, generally implying great changes 
in the gei^raphy of the surrounding lands, whence the 
sediment has been derived, accords with the belief of 
vast intervals of time having elapsed between each for- 
mation. 

But we can, I think, see why the geological forma- 
tions of each region are almost invariably inter- 
mittent ; that is, have not followed each other in close 
sequence. Scarcely any fact struck me more when 
examining many hundred miles of the South American 
coasts, which have been upraised several hundred feet 
within the recent period, than the absence of any recent 
deposits sufficiently extensive to last for even a short 
geological period. Along the whole west coast, which 
is inhabited by a peculiar marine fauna, tertiary beds 
are so scantily developed, that no record of several suc- 
cessive and peculiar marine faunas will probably be 
preserved to a distant age. A little reflection will ex- 
plain why along the rising coast of the western side of 
South America, no extensive formations with recent or 
tertiary remains can anywhere be found, though the 
supply of sediment must for ages have been great, from 
the enormous degradation of the coast-rocks and from 
muddy streams entering the seeu The explanation, no 
doubt, is, that the littoral and sub-littoral deposits are 
continually worn away, £ks soon as they are brought up 
by the slow and gradual rising of the land witl^ the 
grinding action of the coast- waves. 

We may, 1 think, safely conclude that sediment must 
be accumulated in extremely thick, solid, or extensive 
masses, in order to withstand the incessant action of 
the waves, when first upraised and during subsequent 
oscillations of leveL Such thick and extensive accumu- 
lations of sediment may be formed in two ways ; either, 
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in profound depths of the sea, in which case, judging | 
from the researches of E. Forbes, we may conclude that 
the bottom will be inhabited by extremely few nnimnl ia ^ 
and the mass when upraised will give a most imperfect 
record of the forms of life which then existed ; or, sedi-/1 
ment may be accumulated to any thickness and extent | 
over a shallow bottom, if it continue slowly to subside. 
In this latter case, as long as the rate of subsidence 
and supply of sediment nearly balance each other, 
the sea will remain shallow and favourable for life, and 
thus a fossiliferous formation thick enough, when up- 
raised, to resist any amount of degradation, may be 
formed. 

I am convinced that all our ancient formations, 

I which are rich in fossils, have thus been formed ^ 

I during subsidence. Since publishing my views on ! 
this subject in 1845, I have watched the progress of j 
Geology, and have been surprised to note how author > 
after author, in treating of this or that great formation, 
has come to the conclusion that it was accumulated 
during subsidence. I may add, that the only ancient 
tertiary formation on the west coast of South America, 
which has been bulky enough to resist such degradation 
as it has as yet suffered, but which will hardly last to a 
distant geological age, was certainly deposited during a 
downward oscillation of level, and thus gained consi- 
I derable thickness. 

All geological facts tell us plainly that each area 
has undergone munerous slow oscillations of level, and f 
apparently these oscillations have affected wide spaces. 
Consequently formations rich in fossils and sufSciently 
thick and extensive to resist subsequent degradation, 
may have been formed over wide spaces during periods 
of subsidence, but only where the supply of sediment 
was sufficient to keep the sea shallow and to embed and 
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preserve the remains before they had time to decay. 
On the other hand, as long as the bed of the sea re- 
mained stationary, thick deposits could not have been 
accumulated in the shallow parts, which are the most 
favourable to life. Still less could this have happened 
during the alternate periods of elevation ; or, to speak 
more accurately, the beds which were then accumu- 
lated will have been destroyed by being upraised and 
brought within the limits of the coast-action. 

Thus the geological record will almost necessarily be 
rendered intermittent. I feel much confidence in the 
truth of these views, for they are in strict accordance with 
the general principles inculcated by Sir C. LyeU ; and 
E. Forbes independently arrived at a similar conclusion. 

One remark is here worth a passing notice. During 
periods of elevation the area of the land and of the 
adjoining shoal parts of the sea will be increased, and 
new stations will often be formed ; — all circumstances 
most favourable, as previously explained, for the form- 
ation of new varieties and species; but during such 
periods there will generally be a blank in the geological 
record. On the other hand, during subsidence, the 
inhabited area and number of inhabitants will decrease 
(excepting the productions on the shores of a continent 
when first broken up into an archipelago), and conse- 
quently during subsidence, though there will be much 
extinction, fewer new varieties or species will be formed ; 
and it is during these very periods of subsidence, that 
our great deposits rich in fossils have been accumulated. 
Nature may almost be said to have guarded against the 
frequent discovery of her transitional or linking forms. 

From the foregoing considerations it cannot be doubted 
that the geological record, viewed as a whole, is ex- 
tremely imperfect; but if we confine our attention to 
any one formation, it becomes more difficult to under- 
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stand, why we do not therein find closely graduated 
varieties between the allied species which lived at its 
commencement and at its close. Some cases are on 
record of the same species presenting distinct varieties 
in the upper and lower parts of the same formation, but, 
as they are rare, they may be here passed over. Al- 
though each formation has indisputably required a 
vast number of years for its deposition, I can see several 
reasons why each should not include a graduated series 
of links between the species which then lived ; but I can 
by no means pretend to assign due proportional weight 
to the following considerations. 

Although each formation may mark a very long lapse 
of years, each perhaps is short compared with the period 
requisite to change one species into another. I am 
aware that two palaeontologists, whose opinions are 
worthy of much deference, namely Bronn and Wood- 
ward, have concluded that the average duration of each 
formation is twice or thrice as long as the average 
duration of specific forms. But insuperable difficulties, 
as it seems to me, prevent us coming to any just con- 
clusion on this head. When we see a species first ap- 
pearing in the middle of any formation, it would be rash 
in the extreme to infer that it had upt elsewhere pre- 
viously existed. So again when we find a species disap- 
pearing before the uppermost layers have been deposited, 
it would be equally rash to suppose that it then became 
wholly extinct. We forget how small the area of Eu- 
rope is compared with the rest of the world ; nor have 
the several stages of the same formation throughout 
Europe been correlated with perfect accuracy. 

With marine animals of all kinds, we may safely 
infer a large amount of migration during climatal 
and other changes; and when we see a species first 
appearing in any formation, the probability is that it 
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only then first immigrated into that area. It is well 
known, for instance, that seyeral species appeared some- 
what earlier in the palaeozoic beds of North America 
than in those of Europe ; time having apparently been 
required for their migration from the American to the 
European seas. In examining the latest deposits of 
various quarters of the world, it has everywhere been 
noted, that some few still existing species are common 
in the deposit, but have become extinct in the immedi- 
ately surrounding sea; or, conversely, that some are 
now abundant in the neighbouring sea, but are rare or 
absent in this particular deposit. It is an excellent 
lesson to refiect on the ascertained amount of migration 
of the inhabitants of Europe during the Glacial period, 
which forms only a part of one whole geological period ; 
and likewise to reflect on the great changes of level, 
on the inordinately great change of climate, on the 
prodigious lapse of time, aU included within this same 
glacial period. Yet it may be doubted whether in any 
quarter of the world, sedimentary deposits, including 
fossil remains, have gone on accumulating within the 
same area during the whole of this period. It is not, 
for instance, probable that sediment was deposited dur- 
ing the whole of the glacial period near the mouth of 
the Mississippi, within that limit of depth at which ma- 
rine animals can flourish ; for we know what vast geo- 
graphical changes occurred in other parts of America 
during this space of time. WTien such beds as were r 
deposited in shallow water near the mouth of the Mis- 1 
sissippi during some part of the glacial period shall have 
been upraised, oiganic remains wiU probably first appear 
and disappear at different levels, owing to the migration 
of species and to geographical changes. And in the 
distant future, a geologist examining these beds, might 
be tempted to conclude that the average duration of life 
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of the embedded fossils had been less than that of the 
glacial period, instead of having been really far greater, 
that is extending from before the glacial epoch to the 
present day. 

In order to get a perfect gradation between two forms 
in the upper and lower parts of the same formation, the 
deposit must have gone on accumulating for a very long 
period, in order to have given sufficient time for the 
slow process of variation ; hence the deposit will gene- 
rally have to be a very thick one ; and the species un- 
dei^oing modification wiU have had to live on the same 
area throughout this whole time. But we have seen 
that a thick fossiliferous formation can only be accumu- 
lated during a period of subsidence ; and to j£eep. jthe 
depth approximately the same, which is^ necessajy^n 
order to enable the same species to live on the same 
space, the supply of sediment must nearly have counter- 
balanced the amount of subsidence. But this same 
movement of subsidence wiU often tend to sink the 
area whence the sediment is derived, add thus diminish 
the supply whilst the downward movement continues. 
In fact, this nearly exact balancing between the supply 
of sediment and the amoimt of subsidence is probably 
a rare contingency ; for it has been observed by more 
than one palmontologist, that very thick deposits are 
usually barren of organic remains, except near their 
upper or lower limits. 

It would seem that each separate fojmation, like the 
whole pile of formations in any'cduntry, has generally 
been intermittent in its accumulation. When we see, 
as is so often the case, a formation composed of beds 
of different mineralogical composition, we may reason- 
ably suspect that the process of deposition has been 
much interrupted, as a change in the currents of the 
sea and a supply of sediment of a different nature will 
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yet are far more closely allied to each other than 
are the species found in more widely separated forma- 
tions ; but to this subject I shall have to return in the 
following chapter. 

One other consideration is worth notice : with animals 
and plants that can propagate rapidly and are not 
highly locomotive, there is reason to suspect, as we 
have formerly seen, that their varieties are generally at 
fi^t-lcc^ ; and that such local varieties do not spread 
widely and supplant their parent-forms until they have 
been modified and perfected in some considerable de- 
gree. According to this view, the chance of discovering 
in a formation in any one country all the early stages 
of transition between any two forms, is small, for the 
successive changes are supposed to have been local or 
confined to some one spot. Most marine animals have 
a wide range ; and we have seen that with plants it is 
those which have the widest range, that oftenest present 
varieties ; so that with shells and other marine animals, 
it is probably those which have had the widest range, 
far exceeding the limits of the known geological forma- 
tions of Europe, which have oftenest given rise, first 
to local varieties and ultimately to new species; and 
this again would greatly lessen the chance of our being 
able to trace the stages of transition in any one geo- 
logical formation. 

It should not be forgotten, that at the present day, 
with perfect specimens for examination, two forms can 
seldom be connected by intermediate varieties and thus 
proved to be the same species, until many specimens 
have been collected from many places ; and in the case 
of fossil species this could rarely be effected by pal»- 
ontologists. We shall, perhaps, best perceive the im- 
probability of our being enabled to connect species by 
numerous, fine, intermediate, fossil links, by asking 
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ourselves whether, for instance, geologists at some a 
future period will be able to prove, that our different 
breeds of cattle, sheep, homes, and dogs have descended j 
from a single stock or from several aboriginal stocks ; 
or, again, whether certain sea-shells inhabiting the 
shores of North America, which are ranked by some con- 
chologists as distinct species from their European repre- 
sentatives, and by other conchologists as only varieties, 
are really varieties or are, as it is called, specifically 
distinct This could be effected only by the future geo- 
logist discovering in a fossil state numerous intermediate 
gradations ; and such success seems to me improbable in 
the highest degree. 

Geological research, though it has added numerous 
species to existing and extinct genera, and has made the 
intervals between some few groups less wide than they , 
otherwise would have been, yet has done scarcely any- 
thing in breaking down the distinction between species, 
by connecting them together by numerous, fine, inter- 
mediate varieties; and this not having been effected, 
is probably the gravest and mnst.^ divioi^p of all the 
many objections wEcETmaylBe^ urged^ainst my views. 
Hence it wiU be worth while to smn up the foregoing 
remarks, imder an imaginary illustration. The Malay 
Archipelago is of about the size of Europe from the 
North Cape to the Mediterranean, and from Britain to 
Russia ; and therefore equals all the geological forma- 
tions which have been examined with any accuracy, 
excepting those of the United States of America. 

I fully agree with Mr. Godwin-Austen, that the 
present condition of the Malay Archipelago, with its 
numerous large islands separated by wide and shallow 
seas, probably represents the former state of Europe, 
when most of our formations were accumulating. The 
Malay Archipelago is one of the richest regions of the 
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whole world in organic beings; yet if all the species 
were to be collected which have ever lived there, how 
imperfectly would they represent the natural history of 
the world I 

But we have every reason to believe that the terres- 
trial productions of the archipelago would be preserved 
in an excessively imperfect manner in the formations 
which we suppose to be there accumulating. I suspect 
that not many of the strictly littoral animals, or of 
those which lived on naked submarine rocks, would 
be embedded ; and those embedded in ^jyeLor san ^ 
would not endure to a distant epoch. Wherever sedi- 
ment did not accumulate on the bed of the sea, or where 
it did not accumulate at a sufficient rate to protect 
organic bodies from decay, no remains could be pre- 
served. 

In our archipelago, I believe that fossiliferous forma- 
tions could be formed of sufficient thickness to last to 
an age, as distant in futurity as the secondary forma- I 
tions lie in the past, only during periods of subsidence, j 
These periods of subsidence would be separated from 
each other by enormous intervals, during which the 
area would be either stationary or rising ; whilst rising, 
each fossiliferous formation would be destroyed, almost 
as soon as accumulated, by the incessant coast-action, as 
we now see on the shores of South America. During 
the periods of subsidence there would probably be much 
extinction of life ; during the periods of elevation, there 
would be much variation, but the geological recnrd 
would then be least perfect. 

It may be doubted whether the duration of any one 
great period of subsidence over the whole or part of 
the archipelago, together with a contemporaneous accu- 
mulation of sediment, would exceed the average duration ' 
of the same specific forms ; and these contingencies are 
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j indispensable for the preservation of all the transitional 
gradations between any two or more species. If such 
gradations were not fully preserved, transitional varieties 




be interrupted by oscillations of level, and that slight 
climatal changes would intervene during such lengthy 
periods ; and in these cases the inhabitants of the archi- 
pelago would have to mi^ate, and no closely consecu- 
tive record of their modifications could be preserved in 
any one formation. 

Very many of the marine inhabitants of the archipe- 
lago now range thousands of miles beyond its confines ; 
and analogy leads me to believe that it would be chiefly 
these far-ranging species which would oftenest produce 
new varieties; and the varieties would at first gene- 
rally be local or confined to one place, but if possessed 
of any decided advantage, or when further modified and 
improved, they would slowly spread and supplant their 
parent-forms. When such varieties returned to their 
ancient homes, as they would differ from their former 
state, in a nearly uniform, though perhaps extremely 
slight degree, they would, according to the principles 
followed by many palaeontologists, be ranked as new and 
distinct species. 

If then, there be some degree of truth in these 
remarks, we have no right to expect to find in our 
geological formations, an infinite number of those fine 
transitional forms, which on my theory assuredly have 
connected all the past and present species of the same 
group into one long and branching chain of life. We 
ought only to look for a few links, some more closely, 
some more distantly related to each other ; and these 
links, let them be ever so close, if found in different 
stages of the same formation, would, by most palaeonto- 
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legists, be ranked as distinct species. But I do not pre- 
tend that I should ever have suspected how poor a 
record of the mutations of life, the best preserved 
geological section presented, had not the difficulty of 
our not discovering innumerable transitional links 
between the species which appeared at the commence- 
ment and close of each formation, pressed so hardly 
on my theory. 

On the sudden appearance of whole groups of Allied 
Species . — The abrupt manner in which whole groups of 
species suddenly appear in certain formations, has been 
urged by several palaeontologists, for instance, by 
Agassiz, Pictet, and by none more forcibly than by 
Professor Sedgwick, as a fatal objection to the belief in 
the transmutation of species. If numerous species, 
belonging to the same genera or families, have really 
started into life all at once, the fact would be fatal to 
the theory of descent with slow modification through 
natural selection. For the development of a group 
of forms, all of which have descended from some 
one progenitor, must have been an extremely slow 
process ; and the progenitors must have lived long ages 
before their modified descendants. But we continually 
over-rate the perfection of the geological record, and 
falsely infer, because certain genera or families have 
not been found beneath a certain stage, that they did 
not exist before that stage. We continually forget 
how large the world is, compared with the area over 
which our geological formations have been carefully 
examined ; we forget that groups of species may else- / 
where have long existed and have slowly multiplied/ 
before they invaded the ancient archipelagoes of Europe \ 
and of the United States. We do not make due allow- J 
ance for the enormous intervals of time, which have 
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probably elapsed between our consecutive formations, — 
longer perhaps in some cases than the time required 
for the accumulation of each formation. These intervals 
will have given time for the multiplication of species 
from some one or some few parent-forms ; and in the 
succeeding formation such species will appear as if sud- 
denly created. 

I may here recall a remark formerly made, namely 
that it might require a long succession of ages to adapt 
an organism to some new and peculiar line of life, for 
instance to fly through the air ; but that when this had 
been effected, and a few species had thus acquired a 
great advantage over other organisms, a comparatively 
short time would be necessary to produce many di- 
vergent forms, which would be able to spread rapidly 
and widely throughout the world. 

I will now give a few examples to illustrate these 
remarks; and to show how liable we are to error in 
supposing that whole groups of species have suddenly 
been produced. I may recall the well-known fact tlxat 
in geological treatises, published not many years ago, 
the great class of mammals was always spoken of as 
having abruptly come'^at the commencement of the 
tertiary ser^ And n^one of the richest known 
accumulations of fossil mammals belongs to the middle 
of the secondary series ; and one true mammal has 
been discovered in the new red sandstone at nearly the 
commencement of this great series. Cuvier used to 
urge that no monkey occurred in any tertiary stratum ; 
but now extinct species have been discovered in India, 
South America, and in Europe even as far back as the 
eocene stage. The most striking case, however, is that 
of the Whale family ; as these animals have huge bones, 
are marine7~and range over the world, the fact of not 
a single bone of a whale having been discovered in 
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If, moreover, they had been the progenitors of these 
orders, they would almost certainly have been long ago 
supplanted and exterminated by their numerous and 
improved descendants. 

' Consequently, if my theory be true, it is indisputable 
that before the lowest Silurian stratum was deposited, 

* long periods elapsed, as long as, or probably far longer 
than, the whole interval from the Silurian age to the 
present day ; and that during these vast, yet quite un- 
known, periods of time, the world swarmed with living 
creatures. 

To the question why we do not find records of these 
vast primordial periods, I can give no satisfactory 
answer. Several of the most eminent geologists, with 
Sir E. Murchison at their head, are convinced that we 
see in the organic remains of the lowest Silurian stratum 
the dawn of life on this planet Other highly com- 
petent judges, as LyeU and the late E. Forbes, dispute 
this conclusion. We should not forget that only a small 
portion of the world is known with accuracy. M. Bar- 
rande has lately added another and lower stage to the 
Silurian system, abounding with new and peculiar 
species. Traces of life have been detected in the Long- 
mynd beds beneath Barrande’s so-called primordial 
zone. The presence of phosphatic nodules and bitu- 
minous matter in some of the lowest azoic rocks, pro- 
bably indicates the former existence of life at these 
periods. But the difficulty of understanding the ab- 
sence of vast piles of fossiliferous strata, which on my 
theory no doubt were somewhere accumulated before 
the Silurian epoch, is very great. If these most ancient 
beds had been wholly worn away by denudation, or 
obliterated by metamorphic action, we ought to find 
only small remnants of the formations next succeeding 
them in age, and these ought to be very generally in 
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a metamorphosed condition. But the descriptions which 
we now possess of the Silurian deposits over immense 
territories in Kussia and in North America, do not sup- 
port the view, that the older a formation is, the more it 
has suffered the extremity of denudation and metamor- 
phism. 

The case at present must remain inexplicable ; and 
may be truly urged as a valid argument against the 
views here entertained. To show that it may hereafter 
receive some explanation, I will give the following 
hypothesis. From the nature of the organic remains, 
which do not appear to have inhabited profound 
depths, in the several formations of Europe and of the 
United States ; and from the amount of sediment, miles 
in thickness, of which the formations are composed, we 
may infer that from first to last large islands or tracts 
of land, whence the sediment was derived, occurred in 
the neighbourhood of the existing continents of Europe 
and North America. But we do not know what was 
the state of things in the intervals between the suc- 
cessive formations ; whether Europe and the United 
States during these intervals existed as dry land, or 
as a submarine surface near land, on which sediment 
was not deposited, or again as the bed of an open and 
unfathomable sea. 

Looking to the existing oceans, which are thrice as 
extensive as the land, we see them studded with many 
islands ; but not one oceanic island is as yet known 
to afford even a remnant of any palajozoic or secondary 
formation. Hence we may perhaps infer, that during 
the palaeozoic and secondary periods, neither continents 
nor continental islands existed where our oceans now 
extend; for had they existed there, palaeozoic and 
secondary formations would in all probability have been 
accumulated from sediment derived from their wear and 
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must have been heated under great pressure, have 
always seemed to me to require some special explana- 
tion ; and we may perhaps believe that we see in these 
large areas, the many formations long anterior to the 
Silurian epoch in a completely metamorphosed con- 
dition. 

The several diflSculties here discussed, namely our not 
finding in the successive formations infinitely nmnerous 
transitional links between the many species which now 
exist or have existed; the sudden manner in which 
whole groups of species appear in our European forma- 
tions ; the almost entire absence, as at present known, 
of fossiliferous formations beneath the Silurian strata, 
are all imdoubtedly of the gravest nature. We see this 
in the plainest manner by the fact that all the most 
eminent palaeontologists, namely Cuvier, Owen, Agassiz, 
Barrande, Falconer, E. Forbes, &c., and all our greatest 
geologists, as Lyell, Murchison, Sedgwick, &c., have 
u nanim ously, often vehemently, maintamed Ae immuta- 
bility of species. But I have reason to believe that one 
great authority. Sir Charles Lyell, from further re- 
flexion entertains grave doubts on this subject I feel 
how rash it is to differ from these great authorities, 
to whom, with others, we owe all our knowledge. 
Those who think the natural geological record in 
any degree perfect and who do not attach much 
weight to the facts and arguments of other kindw 
given in this volume, will undoubtedly at once re- 
ject my theory. For my part, following out Lyell’s 
metaphor, I look at the natural geological record, as a 
history of the world imperfectly kept and written in 
a changing dialect ; of this history we possess the last 
volume alone, relating only to two or three coimtries. 
Of this volume, only here and there a short chapter !»»»» 
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CHAPTEK X. 

On the Geological Succession of Organic Beings. 

On the slow and successive appearance of new species — On their 
different rates of change — Species once lost do not reapfiear — 
Groups of species follow the same general rules in their appear- 
ance and disappearance as do single species — On Extinction — 
On simultaneous changes in the forms of life throughout the 
world — On the aflSnities of extinct species to each other and to 
living species — On the state of development of ancient forms — 
On the succession of the same types within the same areas — 
Summary of preceding and present chapters. 

Let us now see whether the several facts and rules 
relating to the geological succession of organic beings, 
better accord with the common view of the immutability 
of species, or with that of their slow and gradual modi- 
fication, through descent and natural selection. 

New species have appeared very slowly, one after 
another, both on the land and in the waters. Lyell 
has shown that it is hardly possible to resist the evidence 
on this head in the case of the several tertiary stages ; 
and every year tends to fill up the blanks between them, 
and to make the percentage system of lost and new 
forms more gradual. In some of the most recent beds, 
though undoubtedly of high antiquity if measured by 
years, only one or two species are lost forms, and only 
one or two are new forms, having here appeared for 
the first time, either locally, or, as far as we know, on 
the face of the earth. If we may trust the observations 
of Philippi in Sicily, the successive changes in the marine 
inhabitants of that island have been many and most 
gradual. The secondary formations are more broken ; 
but, as Broun has remarked, neither the appearance 
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nor disappearance of their many now extinct species has 
been simultaneous in each separate formation. 

Species of different genera and classes have not 
changed at the same rate, or in the same degree. In 
the oldest tertiary beds a few living shells may still be 
foimd in the midst of a multitude of extinct forms. 
Falconer has given a striking instance of a similar fact, 
in an existing crocodile associated with many strange 
and lost mammals and reptiles in the sub-Himalayan 
deposits. The Silurian Lingula differs but little from 
the living species of this genus ; whereas most of the 
other Silurian MoUuscs and aU the Crustaceans have 
changed greatly. The productions of the land seem to 
change at a quicker rate than those of the sea, of which 
a striking instance has lately been observed in Switzer- 
land. There is some reason to believe that organisms, 
considered high in the scale of nature, change more 
quickly than Those thaT are low : though there are ex- 
ceptions to this rule. The amount of organic change, 
as Pictet has remarked, does not strictly correspond 
with the succession of our geological formations ; so that 
between each two consecutive formations, the forms of 
life have seldom changed in exactly the same degree. 
Yet if we compare any but the most closely related for- 
mations, all the species will be found to have undergone 
some change. When a species has once disappeared 
from the face of the earth, we have reason to believe 
that the same identical form never reappears. The 
strongest apparent exception to this latter rule, is that 
of the so-called “colonies” of M. Barrande, which 
intrude for a period in the midst of an older formation, 
and then allow the pre-existing fauna to reappear ; but 
Lyell’s explanation, namely, that it is a case of tempo- 
rary migration from a distinct geographical province, 
seems to me satisfactory. 



P 




314 



GEOLOGICAL SUCCESSION, 



Chap. X. 



These several facts accord well with my theory. I 
believe in no fixed law of development, causing all the 
inhabitants of a country to change abruptly, or simul- 
taneously, or to an equal degree. The process of modi- 
fication must be extremely slow. The variability of each 
species is quite independent of that of aU others. 
Whether such variability be taken advantage of by 
natural selection, and whether the variations be ac- 
cumulated to a greater or lesser amount, thus causing 
a greater or lesser amount of modification in the vaiy- 
ing species, depends on many complex contingencies, i 
— on the variability being of a beneficial nature, on 
the power of intercrossing, on the rate of breeding, 
on the slowly changing physical conditions of the 
coimtry, and more especially on the nature of the other | 
inhabitants with which the varying species comes into 
competition. Hence it is by no means surprising that 
one species should retain the same identical form much 
longer than others ; or, if changing, that it should change 
less. We see the same fact in geographical distribution ; 
f for instance, in the land-shells and coleopterous insects 
I of Madeira having come to differ considerably from their 
^ nearest allies on the continent of Europe, whereas the 
marine shells and birds have remained imaltered. We 
can perhaps understand the apparently quicker i-ate of 
change in terrestrial and in more highly organised pro- 
ductions compared with marine and lower productions, 
by the more complex relations of the liigher beings 
to their organic and inorganic conditions of life, as ' 
explained in a former chapter. When many of the ' 
inhabitants of a coimtry have become modified and im- 
proved, we can understand, on the principle of com- 
petition, and on that of the many all-important rela- 
tions of organism to organism, ^at any form which 
does not become in some degree modified and improved. 
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will be liable to be exterminated. Hence we can 
see why aU the species in the same region do at last, 
if we look to wide enough intervals of time, become 
modified ; for those which do not change will become 
extinct. 

In members of the same class the average amount of 
change, during long and equal periods of time, may, 
perhaps, be nearly the same ; but as the accumulation 
of long-enduring fossiliferous formations depends on 
great masses of sediment having been deposited on 
areas whilst subsiding, our formations have been almost 
necessarily accumidated at wide and irregularly inter- 
mittent intervals ; consequently the amount of organic 
change exhibited by the fossils embedded in con- 
secutive formations is not equal. Each formation, on 
this view, does not mark a new and complete act of 
creation, but only an occasional scene, taken almost at 
hazard, in a slowly changing drama. 

We can clearly imderstand why a species when once f 
lost should never reappear, even if the very same con- 
ditions of life, organic and inorganic, should recur. 
For though the offspring of one species might be 
adapted (and no doubt this has occurred in innume- 
rable instences) to fill the exact place of another 
species in the economy of nature, and thus supplant it ; 
yet the two forms — the old and the new — would not 
be identically the same; for both would almost cer- 
tainly inherit different characters from their distinct 
progenitors. For instance, it is just possible, if our 
fantail-pigeons were all destroyed, that fanciers, by 
striving during long ages for the same object, might 
make a new breed hardly distinguishable from our 
present fantail ; but if the parent rock-pigeon were also 
destroyed, and in nature we have every reason to believe 
that the parent-form wiU generally be supplanted and 
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exterminated by its improved offspring, it is quite in- 
credible that a fentail, identical with the existing breed, 
could be raised from any other species of pigeon, or 
even from the other well-established races of the 'do- 
mestic pigeon, for the newly-formed fantail would be 
almost sure to inherit from its new progenitor some 
slight characteristic differences. 

Groups of species, that is, genera and families, follow 
the same general rules in their appearance and disap- 
pearance as do single species, changing more or less 
quickly, and in a greater or lesser degree. A group 
does not reappear after it has once disappeared; or 
its existence, as long as it lasts, is continuous. I am 
aware that there are some apparent exceptions to this 
rule, but the exceptions are surprisingly few, so 
few, that E. Forbes, Pictet, and Woodward (though all 
strongly opposed to such views as I maintain) admit 
its truth ; and the rule strictly accords with my theorj'. 
For as all the species of the same group have descended 
from some one species, it is clear that as long as any 
species of the group have appeared in the long succession 
of ages, so long must its members have continuously 
existed, in order to have generated either new and 
modified or the same old and unmodified forms. Species 
of the genus Lingula, for instance, must have continu- 
ously existed by an imbroken succession of generations, 
from the lowest Silurian stratum to the present day. 

We have seen in the last chapter that the species 
of a group sometimes falsely appear to have come in 
abruptly; and I have attempted to give an explana- 
tion of this fact, which if true would have been fatal 
to my views. But such cases are certainly excep- 
tional ; the general rule being a gradual increase in 
number, till the group reaches its maximmn, and 
then, sooner or later, it gradually decreases. K the 
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finally from the world. Both single species and whole 
groups of species last for very imequal periods ; some 
groups, as we have seen, ha\dng endured from the ear- 
liest known dawn of life to the present day; some having 
disappeared before the close of the palaeozoic period. 
No fixed law seems to determine the length of time 
during which any single species or any single genus 
endures. There is reason to believe that the complete 
extinction of the species of a group is generally a 
slower process than their production : if the appearance 
and disappearance of a group of species be represented, 
as before, by a vertical line of varying thickness, the 
line is found to taper more gradually at its upper end, 
which marks the progress of extermination, than at its 
lower end, which marks the first appearance and in- 
crease in numbers of the species. In some cases, how- 
ever, the extermination of whole groups of beings, as of 
ammonites towards the close of the secondary period, 
has been wonderfully sudden. 

The whole subject of the extinction of species has 
been involved in the most gratuitous mystery. Some 
authors have even supposed that as the individual has a 
definite length of life, so have species a definite dura- 
tion. No one I think can have marvelled more at the 
extinction of species, than I have done. When I found 
in La Plata the tooth of a horse embedded with the 
remains of Mastodon, Megatherium, Toxodon, and other 
extinct monsters, which all co-existed with still living 
shells at a very late geological period, I was filled with 
astonishment ; for seeing that the horse, since its intro- 
duction by the Spaniards into South America, has run 
wild over the whole country and has increased in 
numbers at an unparalleled rate, I asked myself what 
could so recently have exterminated the former horse 
under conditions of life apparently so favourable. But 
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how utterly groundless was my astonishment I Pro- 
fessor Owen soon perceived that the tooth, though so 
like that of the existing horse, belonged to an extinct 
species. Had this horse been still living, but in some 
degree rare, no naturalist would have felt the least sur- 
prise at its rarity ; for rarity is the attribute of a vast 
number of species of all classes, in all countries. If 
we ask ourselves why this or that species is rare, we 
answer that something is unfavourable in its conditions 
of life ; but what that something is, we can hardly ever 
tell. On the supposition of the fossil horse still exist- 
ing as a rare species, we might have felt certain from 
the analogy of aU other mammals, even of the slow- 
breeding elephant, and from the history of the natural- 
isation of the domestic horse in South America, that 
under more favourable conditions it would in a very few 
years have stocked the whole continent. But we could 
not have told what the unfavourable conditions were 
which checked its increase, whether some one or 
several contingencies, and at what period of the horse’s 
life, and in what degree, they severally acted. If 
the conditions had gone on, however slowly, becom- 
ing less and less favourable, we assuredly should not 
have perceived the fact, yet the fossil horse would cer- 
tainly have become rarer and rarer, and finally extinct ; 
— its place being seized on by some more successful 
competitor. 

It is most difficult always to remember that the 
increase of every living being is constantly being 
checked by unperceived injurious agencies; and that 
these same imperceived agencies are amply sufficient to 
cause rarity, and finally extinction. We see in many 
cases in the more recent tertiary formations, that rarity 
precedes extinction ; and we know that this has been 
the progress of events with those animals which have 
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been extenninated, either locally or wholly, through 
man’s agency. I may repeat what I published in 1845, 
namely, that to admit that species generally become 
rare before they become extinct — to feel no surprise at 
the rarity of a species, and yet to marvel greatly when 
it ceases to exist, is much the same as to admit that 
sickness in the individual is the forerunner of death — 
to feel no surprise at sickness, but when the sick man 
dies, to wonder and to suspect that he died by some 
imknown deed of violence. 

The theory of natural selection is grounded on the 
belief that each new variety, and ultimately each new 
species, is produced and maintained by haAung some 
advantage over those >vith which it comes into compe- 
tition ; and the consequent extinction of less-favoured 
forms almost inevitably follows. It is the same with 
our domestic productions: when a new and slightly 
improved variety has been raised, it at first supplante 
the less improved varieties in the same neighbourhood ; 
when much improved it is transported far and near, 
like our short-hom cattle, and takes the place of other 
breeds in other countries. Thus the appearance of new 
forms and the disappearance of old forms, botli natural 
and artificial, are bound together. In certain flourishing 
groups, the number of new specific forms which have 
been produced within a given time is probably greater 
than that of the old forms which have been extermi- 
nated ; but we know that the number of species has not 
gone on indefinitely increasing, at least during the later 
geological periods, so that looking to later times wo 
] may believe that the production of new forms has caused 
J the extinction of about the same number of old forms. 

The competition will generally be most severe, as 
formerly explained and illustrated by examples, between 
the forms which are most like each other in all respects. 
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Hence the improved and modified descendants of a 
species will generally cause the extermination of the 
parent-species ; and if many new forms have been de- 
veloped from any one species, the nearest allies of that 
species, i. e. the species of the same genus, wall be the 
most liable to extermination. Thus, as I believe, a 
number of new species descended from one species, that 
is a new genus, comes to supplant an old genus, belong- 
ing to the same family. But it must often have happened 
that a new species belonging to some one group will have 
seized on the place occupied by a species belonging to 
a distinct group, and thus caused its extermination; 
and if many allied forms be developed from the success- 
ful intruder, many wiU have to yield their places ; and 
it wiU generally be allied forms, which will suffer 
from some inherited inferiority in common. But whe- 
ther it be species belonging to the same or to a 
distinct class, which yield their places to other species 
which have been mo^fied and improved, a few of the 
sufferers may often long be preserved, from being 
fitted to some peculiar line of life, or from inhabiting ' 
some distant and isolated station, where they have 
escaped severe competition. For instance, a single 
species of Trigonia, a great genus of shells in the j 
secondary formations, survives in the Australian seas ; ' 
and a few members of the great and almost extinct 
group of Ganoid fishes still inhabit our fresh waters. 
Therefore the utter extinction of a group is gene- 
rally, as we have seen, a slower process than its pro- 
duction. 

With respect to the apparently sudden extermination 
of whole families or orders, as of Trilobites at the close 
of the palieozoic period and of Ammonites at the close 
of the secondary period, we must remember what has 
been already said on the probable wide intervals of time 
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between our consecutive formations ; and in these inter- 
vals there may have been much slow extermination. 
Moreover, when by sudden immigration or by unusually 
rapid development, many species of a new group have 
taken possession of a new area, they will have exter- 
minated in a correspondingly rapid manner many of the 
old inhabitants ; and the forms which thus yield their 
places will commonly be allied, for they will partake of 
some inferiority in common. 

Thus, as it seems to me, the manner in which single 
species and whole groups of species become extinct, 
accords well with the theory of natural selection. We 
need not marvel at extinction ; if we must marvel, let 
it be at our presumption in imagining for a moment 
that we understand the many complex contingencies, 
on which the existence of each species depends. If we 
forget for an instant, that each species tends to increase 
inordinately, and that some check is always in action, 
yet seldom perceived by us, the whole economy of 
nature will be utterly obscured. Whenever we can 
precisely say why this species is more abundant in in- 
dividuals tlian that ; why this species and not another 
can be naturalised in a given country; then, and not 
tni then, we may justly feel surprise why we cannot 
account for the extinction of this particular species or 
group of species. 

On the Fonm of Life changing almost simuUanemsly 
throughout tha World . — Scarcely any palaeontological 
discovery is more striking than the fact, that the forms 
of life change almost simultaneously throughout the 
world. Thus our European Chalk formation can be 
recognised in many distant parts of the world, under 
the most different climates, where not a fragment of the 
mineral chalk itself can be found ; namely, in Jforth 
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America, in equatorial South America, in Tierra del 
Fuego, at the Cape of Good Hope, and in the peninsula 
of India. For at these distant points, the organic re- 
mains in certain beds present an immistakeable degree 
of resemblance to those of the Chalk. It is not that 
the same species are met with ; for in some cases not 
one species is identically the same, but they belong to 
the same families, genera, and sections of genera, and 
sometimes are similarly characterised in such trifling 
points as mere superficial sculpture.- Moreover other 
forms, which are not found in the Chalk of Europe, but 
which occur in the formations either above or below, are 
similarly absent at these distant points of the world. In 
the several successive palaeozoic formations of Russia, . 
Western Europe and North America, a similar parallel- 
ism in the forms of life has been observed by several 
authors : so it is, according to Lyell, with the several 
European and North American tertiary deposits. Even 
if the few fossil species which are common to the Old 
and New Worlds be kept whoUy out of view, the general 
parallelism in the successive forms of life, in the stages 
of the widely separated palaeozoic and tertiary periods, 
would still be manifest, and the several formations 
could be eaisily correlated. 

These observations, however, relate to the marine in- 
habitants of distant parts of the world: we have not 
sufficient data to judge whether the productions of the 
land and of fresh water change at distant points in the 
same parallel manner. We may doubt whether they | 
have thus changed: if the Megatherium, Mylodon, 
Macrauchenia, and Toxodon had been brought to Europe 
from La Plata, without any information in regard to 
their geological position, no one would have suspected 
that they had coexisted with stiU living sea-shells ; but 
as these anomalous monsters coexisted with the Masto- 
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don and Horse,' it might at least have been inferred that 
they had lived during one of the later tertiaiy stages. 

When the marine forms of life are spoken of as 
having changed simultaneously throughout the world, 
it must not be supposed that this expression relates to 
the same thousandth or hundred-thousandth year, or 
even that it has a very strict geological sense ; for if 
all the marine animals which live at the present day in 
hiurope, and all those that lived in Europe during the 
pleistocene period (an enormously remote period as 
measured by years, including the whole glacial epoch), 
were to be compared with those now living in South 
America or in Australia, the most skilful naturalist 
would hardly be able to say whether the existing or the 
pleistocene inhabitants of Europe resembled most closely 
those of the southern hemisphere. So, again, several 
higlily competent observers believe that the existing 
productions of the United States are more closely related 
to those which lived in Europe during certain later ter- 
tiary stages, than to those which now live here ; and 
if this be so, it is evident that fossHiferous beds de- 
posited at the present day on the shores of North 
America would hereafter be liable to be classed with 
somewhat older European beds. Nevertheless, looking 
to a remotely future epoch, there can, I think, be little 
doubt that all the more modem marine formations, 
namely, the upper pliocene, the pleistocene and strictly 
modern beds, of Eimope, North and South America, and 
Amtralia, from containing fossil remains in some degree 
allied, and from not including those forms which are 
only found in the older imderlying deposits, would be 
correctly ranked as simultaneous in a geological sense. 

The fact of the forms of life changing simultaneously, 
in the above large sense, at distant parts of the world, 
has greatly struck those admirable observers, MM. 
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de Vemeuil and d’Archiac. After referring to the 
parallelism of the palaeozoic forms of life in various 
parts of Europe, they add, “ If struck by this strange 
sequence, we turn our attention to North America, and 
there discover a series of analogous phenomena, it will 
appear certain that all these modifications of species, 
their extinction, and the introduction of new ones, can- 
not be owing to mere changes in marine currents or 
other causes more or less local and temporary, but de- 
pend on general laws which govern the whole animal 
kingdom.” M. Barrande has made forcible remarks to 
precisely the same effect. It is, indeed, quite futile to 
look to changes of currents, climate, or other physical 
conditions, as the cause of these great mutations in the 
forms of life throughout the world, under the most dif- 
ferent climates. We must, as Barrande has remarked, 
look to some special law. We shall see this more clearly 
when we treat of the present distribution of organic 
beings, and find how slight is the relation between the 
physical conditions of various countries, and the nature 
of their inhabitants. 

This great fact of the parallel succession of the forms 
of life throughout the world, is explicable on the theory 
of natural selection. New species are formed by new 
varieties arising, which have some advantage over 
older forms ; and those forms, which are already domi- 
nant, or have some advantage over the other forms in 
their own country, would naturally oftenest give rise to 
new varieties or incipient species ; for these latter must 
be victorious in a stiU higher degree in order to be pre- 
served and to survive. We have distinct evidence on 
this head, in the plants which are dominant, that is, 
which are commonest in their own homes, and are most 
Avidely diffused, having produced the greatest number 
of new varieties. It is also natural that the d«mi- 
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nant, varying, and far-spreading species, which already 
have invaded to a certain extent the territories of other 
species, should be those which would have the best 
chance of spreading still further, and of giving rise in 
new countries to new varieties and species. The process 
of diffusion may often be very slow, being dependent 
on climatal and geographical changes, or on stran^ 
accidents, but in the long run the dominant forms will 
generally succeed in spreading. The diffusion would, it 
is probable, be slower with the terrestrial inhabitants of 
distinct continents than with the marine inhabitants of 
the continuous sea. We might therefore expect to find, 
as we apparently do find, a less strict degree of parallel 
succession in the productions of the land than of the sea. 

Dominant species spreading from any region might 
encounter stiU more dominant species, and then their 
triumphant course, or even their existence, would cease. 
We know not at all precisely what are all the conditions 
most favourable for the multiplication of new and domi- 
nant species ; but we can, I think, clearly see that a 
number of individuals, from gmng a better chance of 
the appearance of favourable variations, and that severe 
competition wdth many already existing forms, would be 
highly favourable, as would be the power of spreading 
into new territories. A certain amoimt of isolation, 
recurring at long intervals of time, would probably be 
also favourable, as before explained. One quarter of 
the world may have been most favourable for the pro- 
duction of new and dominant species on the land, and 
another for those in the waters of the sea. If two great 
regions had been for a long period favourably circum- 
stanced in an equal degree, whenever their inhabitants 
met, the battle woidd be prolonged and severe; and 
some from one birthplace and some from tlie other 
migjit bo victorious. But in the course of time, the 
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forms dominant in the highest degree, wherever pro- 
duced, would tend everywhere to prevad. As they pre- 
vailed, they would cause the extinction of other and 
inferior forms ; and as these inferior forms would be 
allied in groups by inheritance, whole groups would 
tend slowly to disappear ; though here and there a 
single member might long be enabled to survive. 

Thus, as it seems to me, the parallel, and, taken in a 
large sense, simultaneous, succession of the same forms 
of life throughout the world, accords well with the prin- 
ciple of new species having been formed by dominant 
species spreading widely and varying ; the new species 
thus produced being themselves dominant owing to in- 
heritance, and to having already had some advantage 
over their parents or over other species; these again 
spreading, varying, and producing new species. The 
forms which are beaten and which yield their places to 
the new and victorious forms, will generally be allied in 
groups, from inheriting some inferiority in common; 
and therefore as new and improved groups spread 
throughout the world, old groups will disappear from 
the world; and the succession of forms in both ways 
will everywhere tend to correspond. 

There is one other remark connected with this subject 
worth making. I have given my reasons for believ- 
ing that aU our greater fossiliferous formations were 
deposited during periods of subsidence ; and that 
blank intervals of vast duration occurred during the 
periods when the bed of the sea was either station- 
ary or rising, and likewise when sediment was not 
thrown down quickly enough to embed and preserve 
organic remains. During these long and blank inter- 
vals I suppose that the inhabitants of each region 
underwent a considerable amount of modification and 
extinction, and that there was much migration f;:om 
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other parts of the world. As we have reason to 
believe that large areas are affected by the same move- 
ment, it is probable that strictly contemporaneous for- 
mations have often been accumulated over very wide 
spaces in the same quarter of the world ; but we are 
far from having any right to conclude that this has in- 
variably been the case, and that lai'ge areas have invari- 
ably been affected by the same movements. When two 
formations have been deposited in two regions during 
nearly, but not exactly the same period, we should find 
in both, from the causes explained in the foregoing 
paragraphs, the same general succession in the forms of 
life ; but the species would not exactly correspond ; for 
there will have been a little more time in the one region 
than in the other for modification, extinction, and im- 
migration. 

I suspect that cases of this nature have occurred in 
Europe. Mr. Prestwich, in his admirable Memoirs on 
the eocene deposits of England and France, is able to 
draw a close general parallelism between the successive 
stages in the two countries; but when he compares 
certain stages in England with those in France, although 
he finds in both a curious accordance in the numbers 
of the species belonging to the same genera, yet the 
species themselves differ in a manner very difficult to 
account for, considering the proximity of the two areas, 
— unless, indeed, it be assumed that an isthmus soimrated 
two seas inhabited by distinct, but contemporaueous, 
faunas. Lyell has made similar observations on some of 
the later tertiary formations. Barrande, also, shows that 
there is a striking general jMirallelism in the successive 
Silmian deposits of Bohemia and Scandinavia; never- 
theless he finds a surjirising amount of difference in 
the species. If the several formations in these re- 
gions have not been deposited during the same exact 
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periods, — a formation in one region often corresponding 
with a blank interval in the other, — and if in both 
regions the species have gone on slowly changing 
during the accumulation of the several formations and 
during the long intervals of time between them ; in 
this case, the several formations in the two regions 
could be arranged in the same order, in accordance 
with the general succession of the form of life, and the 
order would falsely appear to be strictly parallel ; never- 
theless the species would not all be the same in the 
apparently corresponding stages in the two regions. 

On the Affinities of extinct Species to each other, and to 
living forms . — Let us now look to the mutual affinities 
of extinct and living species. They all fall into one 
grand natural system ; and this fact is at once explained 
on the principle of descent. The more ancient any 
form is, the more, as a general rule, it differs from living 
forms. But, as Buckland long ago remarked, all fossils 
can be classed either in stiU existing groups, or between 
them. That the extinct forms of life help to fill up the 
wide intervals between existing genera, families, and 
orders, cannot be disputed. For if we confine our atten- 
tion either to the living or to the extinct alone, the 
series is far less perfect than if we combine both into 
one general system. With respect to the Veitebrata, 
whole pages could be filled with striking illustrations 
from our great palaeontologist, Owen, showing how ex- 
tinct animals faU in between existing groups. Cuvier 
ranked the Ruminants and Pachyderms, as the two most 
distinct orders of mammals ; but Owen has discovered 
so many fossil links, that he has had to alter the whole 
classification of these two orders ; and has placed certain 
pachyderms in the same sub-order w’ith ruminants : for 
example, he dissolves by fine gradations the apparently 
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( wide difference between the pig and the camel. In 
regard to the Invertebrata, Barrande, and a higher 
authority could not be named, asserts that he is every 
day taught that palteozoic animals, though belonging to 
the same orders, families, or genera with those living 
at the present day, were not at this early epoch limited 
in such distinct groups as they now are. 

Some writers have objected to any extinct species or 
group of species being considered as intermediate be- 
tween living species or groups. If by this term it is 
meant that an extinct form is directly intermediate in 
aU its characters between two living forms, the objec- 
tion is probably valid. But I apprehend that in a 
perfectly natural classification many fossil species would 
have to stand between living species, and some extinct 
genera between living genera, even between genera 
belonging to distinct families. The most common case, 
especially with respect to very distinct groups, such as 

! fish and reptiles, seems to be, that supposing them to be 
distinguished at the present day from each other by a 
dozen characters, the ancient members of the same two 
groups would be distinguished by a somewhat lesser 
number of characters, so that the two groups, though 
formerly quite distinct, at that period made some small 
approach to each other. 

It is a common belief that the more ancient a form 
is, by so much the more it tends to connect by some of 
its characters groups now widely separated from each 
other. This remark no doubt must be restricted to 
those groups which have imdergone much change in the 
course of geological ages ; and it w ould be difficult to 
prove the truth of the proposition, for every now and 
then even a living animal, as the Lepidosiren, is dis- 
covered having affinities directed towards very distinct 
groups. Yet if we compare the older Reptiles and 
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Batrachians, the older Fish, the older Cephalopoda, and 
the eocene Mammals, with the more recent members 
of the same classes, we must admit that there is some 
truth in the remark. 

Let us see how far these several facts and inferences 
accord with the theory of descent with modification. As 
the subject is somewhat complex, I must request the 
reader to turn to the diagram in the fourth chapter. 
We may suppose that the numbered letters represent 
genera, and the dotted lines diverging from them 
the species in each genus. The diagram is much too 
simple, too few genera and too few species being 
given, but this is unimportant for us. The horizontal 
lines may represent successive geological formations, 
and aU the forms beneath the uppermost line may 
be considered as extinct The three existing genera, 
P will form a small family ; b and / '* a 
closely allied family or sub-family ; and o m a 
third family. These three families, together with the 
many extinct genera on the several lines of descent 
diverging from the parent-form A, will form an order ; 
for all wiU have inherited something in common 
from their ancient and common progenitor. On the 
principle of the continued tendency to divergence of 
character, which was formerly illustrated by this dia- 
gram, the more recent any form is, the more it will 
generally differ from its ancient progenitor. Hence we 
can understand the rule that the most ancient fc«sils 
differ most from existing forms. We must not, how- 
ever, assume that divergence of character is a necessary 
contingency ; it depends solely on the descendants from 
a species being thus enabled to seize on many and dif- 
ferent places in the economy of nature. Therefore it is 
quite possible, as we have seen in the case of some 
Silurian forms, that a species might go on being sUghtly 
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may overlook how important a part migration must 
have played, when the formations of any one great 
region alone, as that of Europe, are considered ; he may 
urge the apparent, but often falsely apparent, sudden 
coming in of whole groups of species. He may ask 
where are the remains of those infinitely numerous 
organisms which must have existed long before the 
first bed of the Silurian system was deposited : I can 
answer this latter question only hypothetically, by say- 
ing that as far as we can see, where our oceans now 
extend they have for an enormous period extended, and 
where our oscillating continents now stand they have 
stood ever since the Silurian epoch; but that long 
before that period, the world may have presented a 
wholly dififerent aspect ; and that the older continents, 
formed of formations older than any known to us, may 
now all be in a metamorphosed condition, or may lie 
buried imder the ocean. 

Passing from these difficulties, all the other great 
leading facts in palaeontology seem to me simply to 
follow on the theory of descent with modification 
through natural selection. We can thus understand 
how it is that new species come in slowly and succes- 
sively ; how species of different classes do not neces- 
sarily change 'together, or at the same rate, or in the 
same degree ; yet in the long run that all undergo 
modification to some extent. The extinction of old 
forms is the almost inevitable consequence of the pro- 
duction of new forms. We can understand why when 
a species has once disappeared it never reappears. 
Groups of species increase in numbers slowly, and 
endure for unequal periods of time ; for the process of 
modification is necessarily slow, and depends on many 
complex contingencies. The dominant species of the 
larger dominant groups tend to leave many modified 
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degree ; for instance, small areas in the Old World 
could be pointed out hotter than any in the New 
World, yet these are not inhabited by a peculiar fauna 
or flora. Notwithstanding this parallelism in the con- 
ditions of the Old and New Worlds, how widely differ- 
ent are their living productions ! 

In the southern hemisphere, if we compare large 
tracts of land in Australia, South Africa, and western 
South America, between latitudes 25° and 35°, we shall 
find parts extremely similar in all their conditions, yet 
it would not be possible to point out three faimas and 
floras more utterly dissimilar. Or again we may com- 
pare the productions of South America south of lat. 
35° with those north of 25°, which consequently inhabit 
a considerably different climate, and they ^viU be found 
incomparably more closely related to each other, than 
they are to the productions of Australia or Africa under 
nearly the same climate. Analogous facts could be 
given with respect to the inhabitants of the sea. 

A second great fact which strikes us in our general 
review is, that barriers of any kind, or obstacles to free 
migration, are related in a close and important manner 
to the differences between the productions of various 
regions. We see this in the great difference of nearly 
aU the terrestrial productions of the New and Old 
Worlds, excepting in the northern parts, where the 
land almost joins, and where, imder a slightly different 
climate, there might have been free migration for the 
northern temperate forms, as there now is for the 
strictly arctic productions. We see the same fact in 
the great difference between the inhabitants of Aus- 
tralia, Africa, and South America under the same lati- 
tude : for these countries are almost as much isolated 
from each other as is possible. On each continent, 
also, we see the same fact ; for on the opposite sides of 
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lofty and continuous mountain-ranges, and of great 
deserts, and sometimes even of large rivers, we find 
different productions ; though as mountain-chains, 
deserts, &c,, are not as impassable, or likely to have 
endured so long as the oceans separating continents, 
the differences are very inferior in degree to those cha- 
racteristic of distinct continents. 

Turning to the sea, we find the same law. No two 
marine faunas are more distinct, with hardly a fish, 
shell, or crab in common, than those of the eastern and 
western shores of South and Central America; yet 
these great faunas are separated only by the narrow, 
but impassable, isthmus of Panama, Westward of the 
shores of America, a ^vide space of open ocean extends, 
with not an island as a halting-place for emigrants ; 
here we have a barrier of another kind, and as soon as 
this is passed we meet in the eastern islands of the 
Pacific, with another and totally distinct fauna. So 
that here three marine faimas range far northward and 
southward, in parallel lines not far from each other, 
under corresponding climates; but from being sepa- 
rated from each other by impassable barriers, either 
of land or open sea, they are wholly distinct. On the 
other hand, proceeding still further westward from the 
eastern islands of the tropical parts of the Pacific, we 
encounter no impassable barriers, and we have innu- 
merable islands as halting-places, until after traveUing 
over a hemisphere we come to the shores of Africa ; 
and over this vast space we meet with no well-defined 
and distinct marine faunas. Although hardly one shell, 
crab or fish is common to the above-named three 
approximate faimas of Eastern and Western America 
and the eastern Pacific islands, yet many fish range 
from the Pacific into the Indian Ocean, and many 
shells are common to the eastern islands of the Pacific 
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and the eastern shores of Africa, on almost exactly 
opposite meridians of longitude. 

A third great fact, partly included in the foregoing 
statements, is the affinity of the productions of the 
same continent or sea, though the species themselves 
are distinct at different points and stations. It is 
a law of the widest generality, and every continent 
offers innumerable instances. Nevertheless the natu- 
ralist in travelling, for instance, from north to south 
never fails to be struck by the manner in which suc- 
cessive groups of beings, specifically distinct, yet clearly 
related, replace each other. He hears from closely 
allied, yet distinct kinds of birds, notes nearly similar, 
and sees their nests similarly constructed, but not quite 
alike, wth eggs coloured in nearly the same manner. 
The plains near the Straits of Magellan are inhabited 
by one species of Ehea (American ostrich), and north- 
ward the plains of La Plata by another species of the 
same genus ; and not by a true ostrich or emeu, lik e 
those found in Africa and Australia under the same 
latitude. On these same plains of La Plata, we see 
the agouti and bizcacha, animals having nearly the 
same habits as our hares and rabbits and belonging to 
the same order of Kodents, but they plainly display 
an American type of structure. We ascend the lofty 
peaks of the Cordillera and we find an alpine species 
of bizcacha ; we look to the waters, and we do not find 
the beaver or musk-rat, but the coypu and capybara, 
rodents of the American type. Innumerable other in- 
stances could be given. If we look to the islands off 
the American shore, however much they may differ in 
geological structure, the inhabitants, though they may 
be all peculiar species, are essentially American. We 
may look back to past ages, as sho^vn in the last 
chapter, and we find American types then prevalent on 
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is also obvious that the individuals of the same species, 
though now inhabiting distant and isolated regions, must 
have proceeded from one spot, where their parents were 
first produced : for, as explained in the last chapter, it 
is incredible that individuals identically the same should 
ever have been produced through natural selection from 
parents specifically distinct. 

We are thus brought to the question which has been 
largely discussed by naturalists, namely, whether species 
have been created at one or more points of the earth’s 
surface. Undoubtedly there are very many cases of 
extreme difficulty, in imderstanding how the same spe- 
cies could possibly have migrated from some one point 
to the several distant and isolated points, where now 
found. Nevertheless the simplicity of the view that 
each species was first produced within a single region 
captivates the mind. He who rejects it, rejects the 
vera cama of ordinary generation with subsequent mi- 
gration, and calls in the agency of a miracle. It is 
universally admitted, that in most cases the area in- 
habited by a species is continuous ; and when a plant 
or animal inhabits two points so distant from each 
other, or with an interval of such a nature, that the 
space could not be easily passed over by migration, the 
fact is given as something remarkable and exceptional. 
The capacity of migrating across the sea is more dis- 
tinctly limited in terrestrial mammals, than perhaps in 
any other organic beings ; and, accordingly, we find no 
inexplicable cases of the same mammal inhabiting dis- 
tant points of the world. No geologist will feel any 
difficulty in such cases as Great Britain having been 
formerly united to Europe, and consequently possessing 
the same quadrupeds. But if the same species can 
be produced at two separate points, why do we not 
find a single mammal common to Europe and Aus- 
tralia or South America? The conditions of life are 
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No geologist will dispute that great mutations of level, 
have occurred within the period of existing organisms. 
Edward Forbes insisted that all the islands in the 
Atlantic must recently have been connected with 
Europe or Africa, and Europe likewise with America. 
Other authors have thus hypothetically bridged over 
every ocean, and have united almost every island to 
some mainland. If indeed the arguments used by 
Forbes are to be trusted, it must be admitted that 
scarcely a single island exists which has not recently 
been united to some continent. This view cuts the 
Gordian knot of the dispersal of the same species to the 
most distant points, and removes many a difficulty : but 
to the best of my judgment we are not authorized in 
admitting such enormous geographical changes within 
the peri(^ of existing species. It seems to me that we 
have abundant evidence of great oscillations of level in 
our continents ; but not of such vast changes in their 
position and extension, as to have united them within 
the recent period to each other and to the several inter- 
vening oceanic islands. I freely admit the former ex- 
istence of many islands, now buried beneath the sea, 
which may have served as halting places for plants 
and for many animals during their migration. In the 
coral-producing oceans such sunken islands are now 
marked, as I l^lieve, by rings of coral or atolls standing 
over them. Whenever it is fully admitted, as I believe 
it win some day be, that each species has proceeded 
from a single birthplace, and when in the course of time 
we know something definite about the means of dis- 
tribution, we shall be enabled to speculate with security 
on the former extension of the land. But I do not 
believe that it wiU ever be proved that within the 
recent period continents which are now quite separate, 
have been continuously, or almost continuously, umted 
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of transport, immigrants from Europe or any other 
continent, that a poorly-stocked island, though standing 
more remote from the mainland, would not receive 
colonists by similar means. I do not doubt that out of 
twenty seeds or animals transported to an island, even 
if far less well-stocked than Britain, scarcely more than 
one would be so well fitted to its new home, as to 
become naturalised. But this, as it seems to me, is 
no valid argument against what would be effected by 
occasional means of transport, during the long lapse of 
geological time, whilst an island was being upheaved 
and formed, and before it had become fully stocked . 
with inhabitants. On almost bare land, with few or no 
destructive insects or birds living there, nearly every | 
seed, which chanced to arrive, would be sure to germi- 
nate and survive. 

Dispersal during tlie Glacial period . — The identity of 
many plants and animals, on mountain-summits, sepa- 
rated from each other by hundreds of miles of low- 
lands, where the Alpine species could not possibly exist, 
is one of the most striking cases known of the same 
species living at distant points, without the apparent 
possibility of their having migrated from one to the 
other. It is indeed a remarkable fact to see so many 
of the same plants living on the sno^vy regions of the 
Alps or Pyrenees, and in the extreme northern parts 
of Europe; but it is far more remarkable, that the 
plants on the White Mountains, in the United States of 
America, are all the same with those of Labrador, and 
nearly all the same, as we hear from Asa Gray, with those 
on the loftiest mountains of Europe. Even as long ago 
as 1747, such facts led Gmelin to conclude that the 
same species must have been independently created at 
several distinct points ; and we might have remained 
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south as the Alps and Pyrenees, and even stretching 
into Spain. The now temperate regions of the United 
States would likewise be covered by arctic plants and 
animals, and these would be nearly the same with those 
of Europe; for the present circumpolar inhabitants, 
which we suppose to have everywhere travelled south- 
ward, are remarkably uniform roimd the world. We 
may suppose that the Glacial period came on a little 
earlier or later in North America than in Europe, so 
will the southern migration there have been a little 
earlier or later ; but this wid make no difference in the 
final result. 

As the warmth returned, the arctic forms would re- 
treat northward, closely followed up in their retreat by 
the productions of the more temperate regions. And as 
the snow melted from the bases of the mountains, the 
arctic forms would seize on the cleared and thawed 
ground, always ascending higher and higher, as the 
warmth increased, whilst their brethren were pursuing 
their northern journey. Hence, when the warmth had 
fully returned, the same arctic species, which had lately 
lived in a body together on the lowlands of the Old and 
New Worlds, would be left isolated on distant mountain- 
summits (having been exterminated on all lesser heights) 
and in the arctic regions of both hemispheres. 

Thus we can understand the identity of many plants 
at points so immensely remote as on the mountains 
of the United States and of Europe. We can thus 
also understand the fact that the Alpine plants of 
each mountain-range are more especially related to 
the arctic forms living due north or nearly due north 
of them : for the migration as the cold came on, and the 
re-migration on the returning warmth, will generally 
have been due south and north. The Alpine plants, for 
example, of Scotland, as remarked by Mr. H. C. Watson, 
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the latest geological period. We have, also, excellent 
evidence, that it endured for an enormous time, as 
measured by years, at each point. The cold may have , 
come on, or have ceased, earlier at one point of the 
globe than at another, but seeing that it endured for 
long at each, and that it was contemporaneous in a 
geological sense, it seems to me probable that it was, 
during a part at least of the period, actually simulta- 
neous throughout the world. Without some distinct 
evidence to the contrary, we may at least admit as 
probable that the glacial action was simultaneous on 
the eastern and western sides of North America, in the I 

Cordillera under the equator and imder the warmer I 

temperate zones, and on both sides of the southern | 

extremity of the continent. If this be admitted, it is I 

difficult to avoid believing that the temperature of ^ 

the whole world was at this period simultaneously || 

cooler. But it would suffice for my purpose, if the ^ 

temperature was at the same time lower along certain H 

broad belts of longitude. l| 

On this view of the whole world, or at least of broad ^ 
longitudinal belts, having been simultaneously colder ^ 
from pole to pole, much light can be thrown on the L 
present distribution of identical and allied species. In l 
A merica, Dr. Hooker has shown that between forty and a 
fifty of the fiowering plants of Tierra del Fuego, forming I 
no inconsiderable part of its scanty flora, are common to 9 
Europe, enormously remote as these two points are ; and P 
there are many closely allied species. On the lofty I 
mountains of equatorial America a host of peculiar I 
species belonging to European genera occur. On the R 
Mghest mountains of Brazil, some few European genera H 
were found by Gardner, which do not exist in the wide ■ 
intervening hot countries. So on the Silla of Caraccas I 
the illustrious Humboldt long ago found species belong- I 
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ing to genera characteristic of the Cordillera. On the 
mountains of Abyssinia, several European forms and 
some few representatives of the peculiar flora of the 
Cape of Good Hope occur. At the Cape of Good Hope ] 
a very few European species, believed not to have been • 
introduced by man, and on the moimtains, some few 
representative European forms are found, which have 
not been discovered in the intertropical parts of Africa. 
On the Himalaya, and on the isolated moimtain-ranges 
of the peninsula of India, on the heights of Ceylon, and 
on the volcanic cones of Java, many plants occur, either 
identically the same or representing each other, and at 
the same time representing plants of Europe, not found 
in the intervening hot lowlands. A list of the genera 
collected on the loftier peaks of Java raises a picture 
of a collection made on a hill in Europe ! Still more 
st rikin g is the fact that southern Australian forms are 
clearly represented by plants growing on the summits 
of the mountains of !l^meo. Some of these Australian 
forms, as I hear from Dr. Hooker, extend along the 
heights of the peninsula of Malacca, and are thinly 
scattered, on the one hand over India and on the other 
as far north as Japan. 

On the southern mountains of Australia, Dr. F. 
Muller has discovered several European species ; other 
species, not introduced by man, occur on the lowlands ; 
and a long list can be given, as I am informed by Dr. 
Hooker, of European genera, foirnd in Australia, but 
not in the intermediate torrid regions. In the admir- 
able ‘Introduction to the Flora of New Zealand,’ by 
Dr. Hooker, analogous and striking facts are given in 
regard to the plants of that large island. Hence we see 
that throughout the world, the plants growing on the 
more lofty mountains, and on the temperate lowlands 
of the northern and southern hemispheres, are sometimes 
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neously much colder than at present. The Glacial 
period, as measured by years, must have been very 
long; and when we remember over what vast spaces 
some naturalised plants and animals have spread within 
a few centuries, this period will have been ample for 
any amoimt of migration. As the cold came slowly on, 
all the tropical plants and other productions >vill have 
retreated from both sides tou'ards the equator, followed 
in the rear by the temperate productions, and these by 
the arctic ; but with the latter we are not now con- 
cerned. The tropical plants probably suffered much 
extinction ; how much no one can say ; perhaps for- 
merly the tropics supported as many species as we see 
at the present day crowded together at the Cape of 
Good Hope, and in parts of temperate Australia. As 
we know that many tropical plants and animals can 
withstand a considerable amount of cold, many might 
have escaped extermination during a moderate faU of 
temperature, more especially by escaping into the 
warmest spots. But the great fact to bear in mind is, 
fhat all tropical productions will have suffered to a cer- 
tain extent. On the other hand, the temperate pro- 
ductions, after migrating nearer to the equator, though 
they will have been placed imder somewhat new con- 
ditions, will have suffered less. And it is certain that 
many temperate plants, if protected from the inroads 
of competitors, can withstand a much warmer climate 
than their own. Hence, . it seems to me possible, 
bearing in mind that the tropical productions were 
in a suffering state and could not have presented a 
firm front against intruders, that a certain munber of 
the more vigorous and dominant temperate forms might 
have penetrated the native ranks and have reached or 
even crossed the equator. The invasion would, of course, 
have been greatly favoured by high land, and perhaps 
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by a dry climate ; for Dr. Falconer informs me that it 
is the damp with the heat of the tropics which is so 
destructive to perennial plants from a temperate cli- 
mate. On the other hand, the most humid and hottest 
districts will have afforded an asylum to the tropical 
natives. The mountain-ranges north-west of the Hima- 
laya, and the long line of the Cordillera, seem to have 
afforded two great lines of invasion : and it is a striking 
fact, lately communicated to me by Dr. Hooker, that all 
the flowering plants, about forty-six in number, common 
to Tierra del Fuego and to Europe still exist in North 
America, which must have lain on the line of march. 
But I do not doubt that some temperate productions 
entered and crossed even the lowlands of the tropics at 
the period when the cold was most intense, — when 
arctic forms had migrated some twenty-five degrees 
of latitude from their native country and covered the 
land at the foot of the Pyrenees. At this period of ex- 
treme cold, I believe that the climate under the equator 
at the level of the sea was about the same with that now 
felt there at the height of six or seven thousand feei 
During this the coldest period, I suppose that large 
spaces of the tropical lowlands were clothed with a 
mingled tropical and temperate vegetation, like that 
now growing with strange luxuriance at the base of the 
Himalaya, as graphic.ally described by Hooker. 

Thus, as I believe, a considerable number of plants, a 
few terrestrial animals, and some marine productions, 
migrated during the Glacial period from the northern 
and southern temperate zones into the intertropical re- 
gions, and some even grossed the equator . As the warmth 
returned, these temperate forms would naturally ascend 
the higher mountains, being exterminated on the low- 
lands ; those which had not reached the equator, would 
re-migrate northward or southward towards their former 
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fish, I believe that the same species never occur in 
the fresh waters of distant continents. But on the 
same continent the species often range widely and 
almost capriciously ; for two river-systems will have i 
some fish in common and some different. A few facts 
seem to favour the possibility of their occasional trans- 
port by accidental means ; like that of the live fish not 
\ rarely dropped by wl^riwinds in India, and the vitality 
\ of their ova when removed from the water. But I am 
inclined to attribute the dispersal of fresh-water fish 
mainly to slight changes within the recent period in 
the level of the land, having caused rivers to flow into 
each other. Instances, also, could be given of this 
having occurred during floods, without any change of 
level. We have evidence in the loess of the Khine of 
considerable changes of level in the land within a very 
recent geological period, and when the surface was 
peopled by existing land and fresh-water shells. The 
wide difference of the fish on opposite sides of con- 
tinuous mountain-ranges, which from an early period 
must have parted river-systems and completely pre- 
vented their inosculation, seems to lead to this same 
conclusion. With respect to allied fresh-water fish 
occurring at very distant points of the world, no doubt 
there are many cases which cannot at present be ex- 
plained: but some fresh- water fish belong to very 
ancient forms, and in such cases there will have been 
ample time for great geographical changes, and con- 
sequently time and means for much migration. In 
the second place, salt-water fish can with care be slowly 
accustomed to live in fresh water; and, according to 
Valenciennes, there is hardly a single group of fishes 
confined exclusively to fresh water, so that we may 
imagine that a marine member of a fresh-water group 
might travel far along the shores of the sea, and subse- 
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it should be remembered that when a pond or stream 
is first formed, for instance, on a rising islet, it will be 
unoccupied ; and a single seed or egg will have a good 
chance of succeeding. Although there will always be a 
struggle for life between the individuals of the species, 
however few, already occupying any pond, yet as the 
number of kinds is small, compared with those on the 
land, the competition will probably be less severe 
between aquatic than between terrestrial species ; con- 
sequently an intruder from the waters of a foreign 
country, would have a better chance of seizing on a 
place, than in the case of terrestrial colonists. We I 

should, also, remember that some, perhaps many, fresh- j 

water productions are low in the scale of nature, and j 

that we have reason to believe that such low beings | 

change or become modified less quickly than the high ; | 

and this >vill give longer time than the average for the \ 

migration of the same aquatic species. We should not I 

forget the probability of many species having formerly | 

ranged as continuously as fresh-water productions ever j 

can range, over immense areas, and having subsequently j 

become extinct in intermediate regions. But the wide | 

distribution of fresh-water plants and of the lower i 

animals, whether retaining the same identical form | 

or in some degree modified, I believe mainly depends ! 

on the wide dispersal of their seeds and eggs by animals, 
more especially by fresh-water birds, which have large 
powers of fiight, and naturally travel from one to 
another and often distant piece of water. Nature, like 
a careful gardener, thus takes her seeds from a bed of 
a particular nature, and drops them in another equally 
weU fitted for them. 



On the Inhabitants of Oceanic Islands . — We now 
come to the last of the three classes of facts, which I 
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have selected as presenting the greatest amount of 
difficulty, on the view that all the individuals both of 
the same and of allied species have descended from a 
single parent ; and therefore have all proceeded from a 
common birthplace, notwithstanding that in the course 
of time they have come to inhabit distant points of the 
globe. I have already stated that I cannot honestly 
admit Forbes’s view on continental extensions, which, 
if legitimately followed out, would lead to the belief 
that within the recent period all existing islands have 
been nearly or quite joined to some continent. This view 
would remove many difficulties, but it would not, I 
think, explain aU the facts in regard to insular produc- 
tions. In the following remarks I shall not confine 
myself to the mere question of dispersal; but shall 
consider some other facts, which bear on the truth of 
the two theories of independent creation and of descent 
with modification. 

The species of all kinds which inhabit oceanic islands 
are few in number compared with those on equal con- 
tinental areas : Alph. de Candolle admits this for plants, 
and Wollaston for insects. If we look to the large 
size and varied stations of New Zealand, extending over 
780 miles of latitude, and compare its flowering plants, 
only 750 in number, with those on an equal area at 
the Cape of Good Hope or in Australia, we must, I 
think, admit that something quite independently of 
any difference in physical conditions has caused so great 
a difference in number. Even the uniform county of 
Cambridge has 847 plants, and the little island of 
Anglesea 764, but a few ferns and a few introduced 
plants are included in these numbers, and the com- 
parison in some other respects is not quite fair. We 
have evidence that the barren island of Ascension 
aboriginally possessed under half-a-dozen flowering 
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plants ; yet many have become naturalised on it, 
as they have on New Zealand and on every other 
oceanic island which can be named. In St. Helena 
there is reason to believe that the naturalised plants 
and animals have nearly or quite exterminated many 
native productions. He who admits the doctrine of 
the creation of each separate species, will have to 
admit, that a sufficient number of the best adapted 
plants and animals have not been created on oceanic 
islands ; for man has unintentionally stocked them from 
various sources far more fully and perfectly than has 
nature. 

Although in oceanic islands the number of kinds 
of inhabitants is scanty, the proportion of endemic 
species (i.e. those foimd nowhere else in the world) 
is often extremely large. If we compare, for instance, 
ythe number of the endemic land-shells in Madeira, or 
/ of the endemic birds in the Galapagos Archipelago, with 
/ the nmnber foimd on any continent, and then compare 
^ the area of the islands with that of the continent, 
shall see that this is true. This fact might have been 
expected on my theory, for, as already explained, spe- 
cies occasionally arriving after long intervals in a new 
and isolated district, and having to compete with new 
associates, will be eminently liable to modification, and 
will often produce groups of modified descendants. But 
it by no means follows, that, because in an island nearly 
all the species of one class are peculiar, those of another 
class, or of another section of the same class, are pecu- 
liar ; and this difference seems to depend on the species 
/ which do not become modified having immigrated with 
facili ty and in a body, so that their mutual relations 
have^ not been much disturbed. Thus in the Galapagos 
Islands nearly every land-bird, but only two out of the 
eleven marine birds, are peculiar ; and it is obvious tliat 
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marine birds could arrive at these islands more easily than 
land-birds. Bermuda, on the other hand, which lies at 
about the same distance from North America as the 
Galapagos Islands do from South America, and which 
has a very peculiar soil, does not possess one endemic 
land bird; and we know from Mr. J. M. Jones’s ad- 
mirable account of Bermuda, that very many North 
American birds, dining their great annual migrations, 
visit either periodically or occasionally this island. 
Madeira does not possess one peculiar bird, and many 
European and African birds are almost every year blown 
there, as I am informed by Mr. E. V. Harcoiut. So that 
these two islands of Bermuda and Madeira have been 
stocked by birds, which for long ages have struggled 
together in their former homes, and have become mutu- 
ally adapted to each other ; and when settled in their 
new homes, each kind will have been kept by the others 
to their proper places and habits, and will consequently 
have been little liable to modification. Madeira, again, 
is inhabited by a wonderful number of peculiar land- 
shells, whereas not one species of sea-sheU is confined to 
its shores : now, though we do not know how sea-sheUs 
are dispersed, yet we can see that their eggs or larvae, 
perhaps attached to seaweed or floating timber, or to 
the feet of wading-birds, might be transported far more 
easily than land-shells, across three or four hundred 
miles of open sea. The different orders of insects in 
Madeira apparently present analogous facts. 

Oceanic islands are sometimes deficient in certain 
classes, and their places are apparently occupied by 
the other inhabitants ; in the Galapagos Islands reptiles, 
and in New Zealand gigantic wingless birds, take the 
place of mammals. In the plants of the Galapagos 
Islands, Dr. Hooker has shown that the proportional 
numbers of the different orders are very different from 
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oceanic islands, Bory St. Vincent long ago remarked 
that Batrachians (frogs, toads, ne>vts) have never been 
found on any of the many islands with which the great 
oceans are studded. I have taken pains to verify this 
assertion, and I have found it strictly true. I have, 
however, been assured that a frog exists on the moun- 
tains of the great island of New Zealand ; but I suspect 
that thi'a exception (if the information be correct) may 
be explained through glacial agency. This general 
absence of frogs, toads, and newts on so many oceanic 
islands cannot be accounted for by their physical con- 
ditions ; indeed it seems that islands are peculiarly well 
fitted for these animals ; for frogs have been introduced 
into Madeira, the Azores, and Mauritius, and have 
multiplied so as to become a nuisance. But as these 
aTiimflla and their spawn are known to be immediately 
killed by sea-water, on my view we can see that 
there would be great difficulty in their transportal 
across the sea, and therefore why they do not exist on 
any oceanic island. But why, on the theory of creation, 
they should not have been created there, it would be 
very difficult to explain. 

lyfaTTiTnala offer another and similar case. I have 
carefully searched the oldest voyages, but have not 
finished my search ; as yet I have not found a single 
instance, free from doubt, of a terrestrial mammal 
(excluding domesticated animals kept by the natives) 
inhabiting an island situated above 300 miles from a 
continent or great continental island ; and many islands 
situated at a much less distance are equally barren. 
The Falkland Islands, which are inhabited by a wolf- 
like fox, come nearest to an exception ; but this group 
cannot be considered as oceanic, as it lies on a bank con- 
nected with the mainland ; moreover, icebergs formerly 
brought boulders to its western shores, and they may 
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looked. I will here give a single instance of one of 
the cases of difficulty. Almost all oceanic islands, 
even the most isolated and smallest, are inhabited by 
land-shells, generally by endemic species, but sometimes 
by species foimd elsewhere. Dr. Aug. A. Gould has 
given several interesting cases in regard to the land- 
shells of the islands of the Pacific. Now it is notorious 
that land-shells are very easily killed by salt; their 
eggs, at least such as I have tried, sink in sea-water 
and are killed by it. Yet there must be, on my view, 
some unknown, but highly efficient means for their trans- 
portal. Would the just-hatched young occasionally 
crawl on and adhere to the feet of birds roosting on the 
groimd, and thus get transported? It occurred to 
me that land-sheUs, when hybemating and having a 
membranous diaphragm over the mouth of the shell, 
might be floated in chinks of drifted timber across 
moderately wide arms of the sea. And I found that 
several species did in this state withstand uninjured an 
immersion in sea-water during seven days : one of these 
shells was the Helix pomatia, and after it had again 
hybemated I put it in sea-water for twenty days, 
and it perfectly recovered. As this species has a 
thick calcareous operculum, I removed it, and when it 
had formed a new membranous one, I immersed it for 
fourteen days in sea-water, and it recovered and 
crawled away : but more experiments are wanted on 
this head. 

The most striking and important fact for us in regard I 
to the inhabitants of islands, is their affinity to those of I 
the nearest mainland, without being actually the same 
species. Nmnerous instances could be given of this | 
fact. I will give only one, that of the Galapagos •: 
Archipelago, situated imder the equator, between 500 
and 600 miles from the shores of South America. Here 
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almost every product of the land and water bears the 
unmistakeable stamp of the American continent. There 
are twenty-six land birds, and twenty-five of these are 
ranked by Mr. Gould as distinct species, supposed to 
have been created here ; yet the close affinity of most 
of these birds to American species in every character, 
in their habits, gestures, and tones of voice, was mani- 
fest. So it is with the other animals, and with nearly 
aU the plants, as shown by Dr. Hooker in his admirable 
memoir on the Flora of this archipelago. The natu- 
ralist, looking at the inhabitants of these volcanic 
islands in the Pacific, distant several himdred miles 
from the continent, yet feels that he is standing on 
American land. Why should this be so? why should 
the species which are supposed to have been created in 
the Galapagos Archipelago, and nowhere else, bear so 
plain a stamp of affinity to those created in America ? 
There is nothing in the conditions of life, in the geo- 
logical nature of the islands, in their height or climate, 
or in the proportions in which the several classes are 
associated together, which resembles closely the con- 
ditions of the South American coast : in fact there is 
a considerable dissimilarity in all these respects. On 
the other hand, there is a considerable degree of re- 
semblance in the volcanic nature of the soil, in climate, 
height, and size of the islands, between the Galapagos 
and Cape de Verde Archipelagos : but what an entire 
and absolute difference in their inhabitants! The in- 
habitants of the Cape de Verde Islands are related to 
those of Africa, like those of the Galapagos to America. 
I believe this grand fact can receive no sort of expla- 
nation on the ordinary view of independent creation ; 
whereas on the view here maintained, it is obvious 
that the Galapagos Islands would be likely to receive 
colonists, whether by occasional means of transport or 
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that a mountain, as it became slowly upheaved, would 
naturally be colonised from the surrounding lowlands. 

So it is with the inhabitants of lakes and marshes, 
excepting in so far as great facility of transport has 
given the same general forms to the whole world. We 
see this same principle in the blind animals inhabiting 
the caves of America and of Europe. Other analogous 
facts could be given. And it will, I believe, be uni- I 
versally found to be true, that wherever in two regions, I 
let them be ever so distant, many closely allied or re- I 
presentative species occur, there will likewise be foimd | 
some identical species, showing, in accordance with the (| 
foregoing view, that at some former period there has ||| 
been intercommunication or migration between the two )| 
regions. And wherever many closely-allied species ^ 
occur, there will be found many forms which some ^ 
naturalists rank as distinct species, and some as varie- || 
ties ; these doubtful forms showing us the steps in the | 
process of modification. ^ 

This relation between the power and extent of migra- ^ 
tion of a species, either at the present time or at some ^ 
former period under different physical conditions, and | 
the existence at remote points of the world of other J 
species allied to it, is shown in another and more g 
general way. Mr. Gould remarked to me long ago, that ^ 
in those genera of birds which range over the world, J 
many of the species have very wide ranges. I can 3 
hardly doubt that this rule is generally true, though it 9 
would be difficult to prove it. Amongst mammals, we 9 
see it strikingly displayed in Bats, and in a lesser degree P 
in the Felidae and Canidse. We see it, if we compare P 
the distribution of butterflies and beetles. So it is vdth P 
most fresh-water productions, in which so many genera M 
range over the world, and many individual species have N 
enormous ranges. It is not meant that in world- « 
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genera descended from (I). So that we here have many 
species descended from a single progenitor grouped into 
genera ; and the genera are included in, or subordinate to, 
sub-families, families, and orders, all united into one class. 
Thus, the grand fact in natural history of the subordi- 
nation of group under group, which, from its famiharity, 
does not always sufficiently strike us, is in my judgment 
fully explained. 

Naturalists try to arrange the species, genera, and 
families m each class, on what is called the Natural 
System. But what is meant by this system ? Some 
authors look at it merely as a scheme for arranging to- 
gether those living objects which are most alike, and for 
separating those which are most unlike ; or as an artificial 
means for enunciating, as briefly as possible, general pro- 
positions, — that is, by one sentence to give the charac- 
ters common, for instance, to all mammals, by another 
those common to all carnivora, by another those com- 
mon to the dog-genus, and then by adding a single sen- 
tence, a full description is given of each kind of dog. 
The ingenuity and utility of this system are indisputable. 
But many naturalists think that something more is meant 
by the Natural System ; they believe that it reveals the 
plan of the Creator ; but unless it be specified whether 
order in time or space, or what else is meant by the plan 
of the Creator, it seems to me that nothing is thus added 
to our knowledge. Such expressions as that famous one 
of Linnaeus, and which we often meet with in a more or 
less concealed form, that the characters ^jQot make the 
genus, but that the genus gives the characters, seem to 
imply that something more is included in our classifica- 
tion, than mere resemblance. I believe that something 
more is included ; and that propinquity of descent, — the 
only known cause of the similarity of organic beings, — 
is the bond, hidden as it is by various degrees of modifi- 
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not trouble themselves about tlie physiological value 
of the characters which they use in defining a group, 
or in allocating any particular species. If they find 
a character nearly uniform, and common to a great 
number of forms, and not common to others, they use 
it as one of high value ; if common to some lesser 
number, they use it as of subordinate value. Tliis 
principle has been broadly confessed by some naturalists 
to be the true one ; and by none more clearly than by 
that excellent botanist, Aug. St. Hilaire. If certain 
characters are always found correlated with others, 
though no apparent bond of connexion can be dis- 
covered between them, especial value is set on them. 
As in most groups of animals, important organs, such as | 
those for propelling the blood, or for aerating it, or those | 
for propagating the race, are found nearly uniform, they \ 
are considered as highly serviceable in classification; 
but in some groups of animals all these, the most im- 
portant vital organs, are found to offer characters of quite 
subordinate value. 

We can see why characters derived from the embryo 
should bo of equal importance with those derived from 
the adult, for our classifications of course include all 
ages of each species. But it is by no means obvious, 
on the ordinary view, why the structure of the embryo 
should be more important for this purpose than that of 
the adult, which alone plays its full part in the economy 
of natura Yet it has been strongly urged by those 
great naturalists, Milne Edwards and Agassiz, that em- 
bryonic characters are the most important of any in the 
classification of animals; and this doctrine has very 
generally been admitted as true. The same fact holds 
good wth flowering plants, of which the two main di^u- 
sions have been foimded on characters derived from 
the embryo, — on the number and position of the em- 
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bryonic leaves or cotyledons, and on the mode of deve- 
lopment of the plumule and radicle. In our discussion 
on embryology, we shall see why such characters are so 
valuable, on the view of classification tacitly including 
the idea of descent. 

Our classifications are often plainly influenced by 
chains of affinities. Nothing can be easier than to 
define a number of characters common to all birds ; but 
in the case of crustaceans, such definition has hitherto 
been found impossible. There are crustaceans at the 
opposite ends of the series, which have hardly a cha- 
racter in common ; yet the species at both ends, from 
being plainly allied to others, and these to others, and 
so onwards, can be recognised as unequivocally belonging 
to this, and to no other class of the Articulata- 

Geographical distribution has often been used, though 
perhaps not quite logically, in classification, more especi- 
ally in very large groups of closely allied forms. Tem- 
minck insists on the utility or even necessity of this 
practice in certain groups of birds ; and it has been 
followed by several entomologists and botanists. 

Finally, with respect to the comparative value of the 
various groups of species, such as orders, sub-orders, 
families, sub-fanulies, and genera, they seem to be, at 
least at present, almost arbitrary. Several of the best 
botanists, such as Mr. Bentham and others, have 
strongly insisted on their arbitrary value. Instances 
could be given amongst plants and insects, of a group 
of forms, first ranked by practised naturalists as only a 
genus, and then raised to the rank of a sub-family or 
family ; and this has been done, not because further 
research has detected important structural differences, 
at first ovei looked, but because numerous allied species, 
with slightly different grades of difference, have been 
subsequently discovered. 
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it would connect together all languages, extinct and 
modern, by the closest affinities, and would give the 
filiation and origin of each tongue. 

In confirmation of this view, let us glance at 
the classification of varieties, which are believed or 
knowTi to have descended from one species. These 
are grouped under species, with sub-varieties under 
varieties; and with our domestic productions, several 
other grades of difference are requisite, as we have 
seen with pigeons. The origin of the existence of 
groups subordinate to groups, is the same with varieties 
as with species, namely, closeness of descent wth various 
degrees of modification. Nearly the same rules are fol- 
lowed in classifying varieties, as with species. Authors 
have insisted on the necessity of classing varieties on a 
natural instead of an artificial system ; we are cau- 
tioned, for instance, not to class two varieties of the 
/ p ine-ap ple together, merely because their fruit, though 
' the most important part, happens to be nearly identical ; 
no one puts the Swedish and common turnips together, 
though the esculent and thickened stems are so similar. 
\Miatever part is found to be most constant, is used 
in classing varieties : thus the great agriculturist Mar- 
shall says the horns are very useM for this purpose 
mth cattle, because they are less variable than the 
shape or colour of the body, &c. ; whereas with sheep 
the horns are much less serviceable, because less con- 
stant. In classing varieties, I apprehend if we had a \ 
real pedigree, a genealogical classification would be ) 
universally preferred; and it has been attempted by 
some authors. For we might feel sure, whether there 
had been more or less modification, the principle of 
inheritance would keep the forms together which were 
allied in the greatest number of points. In tumbler 
pigeons, though some sub-varieties differ from the others 
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in the important character of having a longer beak, yet 
all are kept together from having the common habit 
of tumbling ; but the short-faced breed has nearly or 
quite lost this habit ; nevertheless, without any reasoning 
or thinking on the subject, these tumblers are kept in 
the same group, because allied in blood and alike in 
some other respects. If it could be proved that the 
Hottentot had descended from the Negro, I think he 
would be classed under the Negro group, however much 
he might differ in colour and other important characters | 
from negroes. ll 

With species in a state of nature, every naturalist has | 

I in fact brought descent into his classification; for he | 

I includes in his lowest grade, or that of a species, the 
two sexes ; and how enormously these sometimes differ 
in the most important characters, is known to every 
naturalist : scarcely a single fact can be predicated in 
common of the males and hermaphrodites of certain 
cirripedes, when adult, and yet no one dreams of sepa- 
rating them. The naturalist includes as one species the 
several larval stages of the same individual, however . 

much they may differ from each other and from the ? 

adult; as he likewise includes the so-called alternate J 

generations of Steenstrup, which can only in a technical P 

sense be considered as the same individual. He in- P 

eludes monsters ; he includes varieties, not solely be- P 

cause they closely resemble the parent-form, but because P 

they are descended from it. He who believes that the k 

cowslip is descended from the primrose, or conversely, P 

ranks them together as a single species, and gives a P 

single definition. As soon as three Orchidean forms || 

(Monochanthus, Myanthus, and Catasetum), which had | 

previously been ranked as three distinct genera, were | 

known to be sometimes produced on the same spike, 
they were immediately included as a single species. || 
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But it may be asked, what ought we to do, if it could be 
proved that one species of kangaroo had been produced, 
by a long course of modification, from a hear ? Ought 
we to rank this one species with bears, and what should 
we do wth the other species? The supposition is of 
course preposterous ; and I might answer by the argu- 
mentum ad horninem, and ask what should he done if a 
perfect kangaroo were seen to come out of the womb of 
a bear ? According to all analogy, it would be ranked 
with bears ; but then assuredly aU the other species of 
the kangaroo family would have to be classed under 
the bear genus. The whole case is preposterous; for 
where there has been close descent in common, there 
will certainly be close resemblance or aflinity. 

As descent has universally been used in classing to- 
gether the individuals of the same species, though the 
males and females and larvae are sometimes extremely 
different ; and as it has been used in classing varieties 
which have undergone a certain, and sometimes a con- 
siderable amount of modification, may not this same 
element of descent have been unconsciously used in 
grouping species imder genera, and genera under higher 
groups, though in these cases the modification has been 
greater in degree, and has taken a longer time to com- 
plete ? I believe it has thus been unconsciously used ; 
and only thus can I understand the several rules and 
guides which have been followed by our best system- 
atists. We have no written pedigrees ; we have to 
make out community of descent by resemblances of any 
kind. Therefore we choose those characters which, as 
far as we can judge, are the least likely to have been 
modified in relation to the conditions of life to which 
each species has been recently exposed. Eudimentary 
structures on this view are as good as, or even some- 
times better than, other parts of the organisation. We 
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Geographical distribution may sometimes be brought 
usefully into play in classing large and widely-distri- 
buted genera, because all the species of the same genus, 
inhabiting any distinct and isolated region, have in all 
probability descended from the same parents. 

We can understand, on these views, the very im- 
portant distinction between real afiBnities and analo gical 
or adaptive resemblances. Lamarck first called atten- 
tion to this distinction, and he has been ably followed 
by Macleay and others. The resemblance, in the shape 
of the body and in the fin-Uke anterior limbs, between 
the dugong, which is a pachydermatous animal, and the 
whale, and between both these mammals and fishes, is 
analogical. Amongst insects there are innumerable in- 
stances : thus Linnaeus, misled by external appearances, 
actually classed an homopterous insect as a moth. We 
see something of the same kind even in our domestic 
varieties, as in the thickened stems of the common and 
Swedish turnip. The resemblance of the greyhound and 
raceh^e is hardly more fanciful than the analogies 
which have been drawn by some authors between very 
distinct animals. On my view of characters being of 
real importance for classification, only in so far as they 
reveal descent, we can clearly understand why analogical 
or adaptive character, although of the utmost importance 
to the welfare of the being, are almost valueless to the 
systematist For animals, belonging to tw^o most distinct 
lines of descent, may readily become adapted to similar 
conditions, and thus assume a close external resem- 
blance ; but such resemblances will not reveal — will 
rather tend to conceal their blood-relationship to their 
proper lines of descent. We can also understand the 
apparent paradox, that the very same characters are 
analogical when one class or order is compared with 
another, but give true affinities w'heu the members of 
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SO perfect a collection : nevertheless, in certain classes, 
we are tending in this direction ; and Milne Edwards 
has lately insisted, in an able paper, on the high import- 
ance of looking to types, whether or not we can separate 
and define the groups to which such types belong. 

Finally, we have seen that natural selection, which 
results from the struggle for existence, and which almost 
inevitably induces extinction and divergence of character 
in the many descendants from one dominant parent- 
species, explains that great and universal feature in the 
affinities of all organic beings, namely, their subordina- 
tion in group under group. We use the element of 
descent in classing the individuals of both sexes and of 
all ages, although having few characters in common, 
under one species ; we use descent in classing acknow- 
ledged varieties, however different they may be from their 
parent ; and I believe this element of descent is the hid- 
den bond of connexion which naturalists have sought 
under the term of the Natural System. On this idea of 
the natural system being, in so far as it has been perfected, 
genealogical in its arrangement, with the grades of differ- 
ence between the descendants from a common parent, 
expressed by the terms genera, families, orders, &c., we 
can understand the rules which we are compelled to 
follow in our classification. We can understand why we 
value certain resemblances far more than others ; why 
we are permitted to use rudimentary and useless organs, 
or others of trifling physiological importance; why, in 
comparing one group with a distinct group, we sumn^rily 
reject analogical or adaptive characters, and yet use these 
same characters within the limits of the same group. 
We can clearly see how it is that all living and extinct 
forms can be grouped together in one great system; 
and how the several members of each class are con- 
nected together by the most complex and radiating 
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tions of existence. We cannot, for instance, suppose 
that in the embryos of the vertebrata the peculiar 
loop-like course of the arteries near the branchial slits 
are related to similar conditions, — in the young mammal 
I which is nourished in the womb of its mother, in the 
• egg of the bird which is hatched in a nest, and in the 
spawn of a frog under water. We have no more reason 
to believe in such a relation, than we have to believe 
that the same bones in the hand of a man, wing of a 
bat, and fin of a porpoise, are related to similar condi- 
tions of life. No one will suppose that the stripes on 

( the whelp of a lion, or the spote on the y o^g blackbird, ^ 
are of any use to these anim£d%H^^are7elated to th^ 
^ conditions to which they are exposed^ — 

The case, however, is different when an animal during 
I any part of its embryonic career is active, and has to 
provide for itself. The period of activity may come on 
earlier or later in life ; but whenever it comes on, the 
adaptation of the larva to its conditions of life is just as 
' perfect and as beautiful as in the adult animal. From 
such special adaptations, the similarity of the larvae or 
active embryos of alhed animals is sometimes much ob- 
scured ; and cases could be given of the larvae of two 
species, or of two groups of species, differing quite as 
much, or even more, from each other than do their adult 
parents. In most cases, however, the larvae, though 
( active, still obey more or less closely the law of com- 
mon embryonic resemblance. Cirripedes afford a good 
instance of this : even the illustrious Cuvier did not per- 
; ceive that a barnacle was, as it certainly is, a crustacean ; 
but a glance at the larva shows this to be the case in an 
unmistakeable manner. So again the two main divi- 
sions of cirripedes, the pedunculated and sessile, which 
differ widely in external appearance, have larvae in all 
their several stages barely distinguishable. 
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embryo becomes at any period of life active and has to 
provide for itself ; — of the embryo apparently having 
sometimes a higher organisation than the mature 
animal, into which it is developed. I believe that all 
these facts can be explained, as follows, on the view of 
descent with modification. 

It is commonly assumed, perhaps from monstrosities 
often affecting the embyro at a very early period, 
that slight variations necessarily appear at an equally 
early period. But we have little evidence on this head — 
indeed the evidence rather points the other way ; for it 
is notorious that breeders of cattle, horses, and various 
fancy animals, cannot positively tell, until some time 
after the animal has been bom, what its merits or form 
will ultimately turn out. We see this plainly in our own 
children ; we cannot always tell whether the child will 
be tall or short, or what its precise features will be. The 
question is not, at what period of life any variation has 
been caused, but at what period it is fully displayed. 
The cause may have acted, and I believe generally has 
acted, even before the embryo is formed ; and the varia- 
tion may be due to the male and female sexual elements 
having been affected by the conditions to which either 
parent, or their ancestors, have been exposed. Never- 
theless an effect thus caused at a very early period, even 
before the formation of the embryo, may appear late in 
life ; as when an hereditary disease, which appears in 
old age alone, has been communicated to the offspring 
from the reproductive element of one parent. Or 
again, as when the horns of cross-bred cattle have been 
affected by the shape of the horns of either parent. For 
the welfare of a very young animal, as long as it remains 
in its mother’s womb, or in the egg, or as long as it is 
nourished and protected by its parent, it must be quite 
unimportant whether most of its characters are fully 
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age, the young of the new species of our supposed genus 
will manifestly tend to resemble each other much more 
closely than do the adults, just as we have seen in the 
case of pigeons. We may extend this view to whole 
families or even classes. The fore-limbs, for instance, 
which served as legs in the parent-species, may be- 
come, by a long course of modification, adapted in one 
descendant to act as hands, in another as paddles, in 
another as wings ; and on the above two principles — 
namely of each successive modification supe rvenin g at 
a rather late age, and b^g inherited at a corre- 
sponding late age — the fore-limbs in the embryos of 
the several descendants of the parent-species will still 
resemble each other closely, for they will not have 
been modified. But in each individual new species, 
the embryonic fore-limbs will differ greatly from the 
fore-limbs in the mature animal; the limbs in the 
latter having undergone much modification at a 
rather late period of life, and having thus been con- 
verted into hands, or paddles, or wings. Whatever 
influence long-continued exercise or use on the one 
hand, and disuse on the other, may have in modi- 
fying an organ, such influence will mainly affect the 
mature animal, which has come to its full powers of 
activity and has to gain its own living ; and the effects 
thus produced will be inherited at a corresponding 
mature age. Whereas the young will remain unmodified, I 
or be modified in a lesser degree, by the effects of use \ 
and disuse. 

In certain cases the successive steps of variation 
might supervene, from causes of which we are wholly 
ignorant, at a very early period of life, or each step 
might be inherited at an earlier period than that at 
which it first appeared. In either case (as with the 
short-faced tumbler) the young or embryo would closely 



448 



EMBRYOLOGY. 



Chap. XIII. 



resemble the mature parent-form. We have seen that 
this is the rule of development in certain whole groups 
of animals, as with cuttle-fish and spiders, and with a 
few members of the great class of insects, as with Aphis. 
With respect to the final cause of the young in these 
cases not undergoing any metamorphosis, or closely 
resembling their parents from their earliest age, we 
can see that this would result from the two following 
contingencies ; firstly, from the young, during a course 
of modification carried on for many generations, having 
to provide for their own wants at a very early stage 
of development, and secondly, from their following 
exactly the same habits of life with their parents ; for 
in tliis case, it would be indispensable for the existence 
of the species, that the child should be modified at a 
very early age in the same manner with its parents, in 
accordance with their similar habits. Some further 
explanation, however, of the embryo not undergoing 
any metamorphosis is perhaps requisite. If, on the other 
hand, it profited the young to foUow habits of life in any 
degree (Afferent from those of their parent, and conse- 
quently to be constructed in a slightly different manner, 
then, on the principle of inheritance at corresponding 
ages, the active young or larvae might easily be ren- 
dered by natural selection different to any conceivable 
extent from their parents. Such differences might, 
also, become correlated with successive stages of deve- 
lopment; so that the larvae, in the first stage, might 
differ greatly from the larvae in the second stage, as we 
have seen to be the case with cirripedes. The adult 
might become fitted for sites or habite, in wliich organs 
of locomotion or of the senses, &c., would be useless ; 
and in this case the final metamorphosis would be said 
to be retrograde. 

As all the organic beings, extinct and recent, which 
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have ever lived on this earth have to be classed together, 
and as all have been connected by the finest gradations, 
the best, or indeed, if our collections were nearly perfect, 
the only possible arrangement, would be genealogical. 
Descent being on my view the hidden bond of con- 
nexion which naturalists have been seeking under 
the term of the natural system. On this view we 
can understand how it is that, in the eyes of most ' 
naturalists, the structure of the embrj^o is even more 
important for classification than that of the adult. For 
the embryo is the animal in its less modified state ; and 
in so far it reveals the structure of its progenitor. 
In two groups of animal, however much they may at 
present differ from each other in structure and habits, if 
they pass through the same or similar embryonic stages, 
we may feel assured that they have both descended 
from the same or nearly similar parents, and are there- 
fore in that degree closely related. Thus, community in 
embryonic structure reveals community of descent. It 
will reveal this community of descent, however much 
the structure of the adult may have been modified and 
obscured ; we have seen, for instance, that cirripedes 
can at once be recognised by their larvae as belonging 
to the great class of crustaceans. As the embryonic 
state of each species and group of species partially shows 
us the structure of their less modified ancient progeni- 
tors, we can clearly see why ancient and extinct forms 
of life should resemble the embryos of their descend- 
ants, — our existing species. Agassiz believes tliis to 
be a law of nature ; but I am bound to confess that I 
only hope to see the law hereafter proved true. It can 
be proved true in those cases alone in which the ancient 
state, now supposed to be represented in many embryos, 
has not been obliterated, either by the successive varia- 
tions in a long course of modification having super- 
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vened at a very early age, or by the variations having 
been inherited at an earlier period than that at which 
they first appeared. It should also be home in mind, 
that the supposed law of resemblance of ancient forms 
of life to the embryonic stages of recent forms, may be 
true, but yet, owing to the geological record not extend- 
ing far enough back in time, may remain for a long 
period, or for ever, incapable of demonstration. 

Thus, as it seems to me, the leading facts in embryo- 
logy, which are second in importance to none in natiu’al 
history, are explained on the principle of slight modifi- 
cations not appearing, in the many descendants from 
some one ancient progenitor, at a very early period in 
the life of each, though perhaps caused at the earliest, 
and being inherited at a coiresponding not early 
period. Embryology rises greatly in interest, when 
we tlius look at the embryo as a picture, more or less 
obscured, of the common parent-form of each great class 
of animals. 

Rudimentary, atrophied, or aborted organs . — Organs 
or parts in this strange condition, bearing the stamp of 
inutility, are extremely common throughout nature. F or 
instance, rudimentary mamma? are very general in the 
males of mammals : I presume that the “ basta^-wing ” 
in birds may be safely considered as a di^t in a rudi- 
mentary state : in very many snakes one lobe of the lungs 
is rudimentary ; in other sna^ there are rudiments 
of the pelvis and hind limbs. Some of the cases of rudi- 
mentary organs are extremely curious ; for instance, the 
presence of teeth in foetal w hale s, which when grown 
up have not a tooth in their heads ; and the presence of 
teeth, which never cut through the gums, in the upper 
jaws of our unborn calves. It has even been stated on 
good authority that rudiments of teeth can be detected 
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in the beaks of certain embryonic birds. Nothing can 
be plainer than that wings are formed for flight, yet in 
how many insects do we see wings so reduced in size as 
to be utterly incapable of flight, and not rarely lying 
under wing-cases, firmly soldered together ! 

The meaning of rudimentary organs is often quite 
unmistakeable : for instance there are beetles of thei 
same genus (and even of the same species) resembling 
each other most closely in all respects, one of which will 
have full-sized wings, and another mere rudiments of 
membrane ; and here it is impossible to doubt, that the 
rudiments represent wings. Eudimentary organs some- 
times retain their potentiality, and are merely not deve- 
loped : this seems to be the case with the mamma? of 
male mam mals, for many instances are on Record of 
these organs having become well developed in full-grown 
males, and having secreted milk. So again there are 
normally four developed and two rudimentary teats in 
the udders of the genus Bos, but in our domestic cows 
the two sometimes become developed and give milk. In 
individual plants of the same species the petals some- 
times occur as mere rudiments, and sometimes in a well- 
developed state. In plants with separated sexes, the 
male flowers often have a rudiment of a pistil; and 
Kolreuter found that by crossing such male plants with 
an hermaphrodite species, the rudiment of the pistil in 
the hybrid offspring was much increased in size ; and 
this shows that the rudiment and the perfect pistil are 
essentially alike in nature. 

An organ serving for two purposes, may become rudi- 
mentary or utterly aborted for one, even the more 
important purpose; and remain perfectly efficient for 
the other. Thus in plants, the office of the pistil is to 
allow the pollen-tubes to reach the ovules protected in 
the ovarium at its base. The pistil consists of a stigma 
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supported on the style ; but in some Composite, the 
male florets, which of course cannot be fecundated, have 
a pistil, which is in a rudimentary state, for it is not 
crowned with a stigma ; but the style remains well de- 
veloped, and is clothed with hairs as in other compo- 
site, for the purpose of brushing the pollen out of the 
isurrounding anthers. Again, an organ may become 
Rudimentary for its proper purpose, and be used for a 
distinct object : in certain fish the swim-bladder seems 
to be rudimentary for its proper function of giving buoy- 
ancy, but has become converted into a nascent breathing 
organ or lung. Other similar instances could be given. 

Rudimentary organs in the individuals of the same 
species are very liable to vary in degree of development 
and in other respects. Moreover, in closely allied 
species, the degree to which the same orgsm has 
been rendered rudimentary occasionally differs much. 
This latter fact is well exemplified in the state of the 
wings of the female moths in certain groups. Rudi- 
mentary organs may be utterly aborted; and this 
implies, that we find in an animal or plant no trace of 
an organ, which analogy would lead us to expect to find, 
and which is occasionally found in monstrous individuals 
of the species. Thus in the snapdragon (antirrliinum) 
we generally do not find a rudiment of a fifth stamen ; 
but this may sometimes be seen. In tracing the 
homologies of the same part in different members of a 
class, nothing is more common, or more necessary, than 
the use and discovery of rudiments. This is well shown 
in the drawings given by Owen of the bones of the leg 
of the horse, ox, and rhinoceros. 

It is an important fact that rudimentary organs, such 
as teeth in the upper jaws of whales and ruminants, 
can often be detected in the embryo, but afterwards 
wholly disappear. It is also, I believe, a universal 
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of growth, but in order to excrete horny matter, as that 
the rudimentary nails on the fin of the manatee were 
formed for this purpose. 

On my view of descent with modification, the origin 
of rudimentary organs is simple. We have plenty of 
cases of rudimentary organs in our domestic produc- 
tions, — as the s tum^ of a tail in tailless breeds, — the 
vestige of an ear in earless breeds, — ^the reappearance 
of minute dangling horns in hornless breeds of cattle, 
more especially, according to Youatt, in young animals, 
— and the state of the whole fiower in the cauliflower. 
We often see rudiments of various parts in monsters. 
But I doubt whether any of these cases throw light on 
the origin of rudimentary organs in a state of nature, 
fmdiher than by showing that rudiments can be pro- 
duced ; for I doubt whether species imder nature ever 
undergo abrupt changes. I believe that disuse has been 
the main agency ; that it has led in succ^ave genera- 
tions to the gradual reduction of various organs, until 
they have become rudimentary, — as in the case of the 
eyes of animals inhabiting dark caverns, and of the 
wings of birds inhabiting oceanic islands, which have 
seldom been forced to take flight, and have ultimately 
lost the power of flying. Again, an organ useful under 
certain conditions, might become injurious under others, 
1 as with the wings of beetles living on small and exposed 
\ islands ; and in this case natural selection would con- 
tinue slowly to reduce the organ, imtil it was rendered 
harmless and rudimentary. 

Any change in function, w'hich can be effected by 
insensibly small steps, is within the power of natural 
selection ; so that an organ rendered during changed 
habits of life, useless or injurious for one purpose, might 
easily be modified and used for another purpose. Or 
an organ might be retained for one alone of its 
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former functions. An organ, when rendered useless, 
may well be variable, for its variations cannot be 
checked by natural selection. At whatever period of 
bfe disuse or selection reduces an organ, and this will 
generally be when the being has come to maturity and 
to its full powers of action, the principle of inheritance 
at corresponding ages will reproduce the organ in its 
reduced state at the same age, and consequently will 
seldom affect or reduce it in the embryo. Thus we can 
understand the gr eater relative size of nidimentary / 
organs in the embryo, and. their lesser relative size in ( 
the adult. But if each step of the process of reduction 
were to be mherited, not at the correspon ding age, but 
at an extremely early period of life (as we have good 
reason to believe to be possible) the rudimentary part 
would tend to be wholly lost, and we should have a case 
of complete abortion. The principle, also, of economy, 
explained in a former chapter, by which the materials 
forming any part or structure, if not useful to the pos- 
sessor, will be saved as far as is possible, will probably 
often come into play ; and this will tend to cause the 
entire obliteration of a rudimentary organ. 

As the presence of rudimentary organs is thus 
due to the tendency in every part of the organisation, 
which has long existed, to be inherited — we can under- 
stand, on the genealogical view of classification, how it is 
that systematists have found rudimentary parts as useful 
as, or even sometimes more useful than, parts of high 
physiological importance. Rudimentary organs may be i 
compared with the letters in a word, stfil retained in j 
the spelling, but become useless in the pronunciation, ' 
but which serve as a clue in seeking for its derivation. 

On the view of descent with modification, we may con- 
clude that the existence of organs in a rudimentary, 
imperfect, and useless condition, or quite aborted, far 
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links between them, but only between each and some 
extinct and supplanted form. Even on a wide area, 
which has during a long period remained continuous, 
and of which the climate and other conditions of life 
change insensibly in going from a district occupied by 
one species into another district occupied by a closely 
allied species, we have no just right to expect often to 
find intermediate varieties in the intermediate zone. 
For we have reason to believe that only a few species 
are undergoing change at any one period; and all 
changes are slowly effected. I have also shown that the 
intermediate varieties which will at first probably exist 
in the intermediate zones, will be liable to be sup- 
planted by the allied forms on either hand ; and the 
latter, from existing in greater numbers, will generally 
be modified and improved at a quicker rate than the 
intermediate varieties, which exist in lesser numbers ; so 
that the intermediate varieties wiU, in the long run, be 
supplanted and exterminated. 

On this doctrine of the extermination of an infinitude 
of coimecting links, between the living and extinct in- 
habitants of the world, and at each successive period 
between the extinct and still older species, why is not 
every geological formation charged with such links ? 
Why does not every collection of fossil remains afford 
plain evidence of the gradation and mutation of the 
forms of hfe? We meet with no such evidence, and this 
is the most obvious and forcible of the many objections 
which may be urged against my theory. Why, again, 
do whole groups of allied species appear, though cer- 
tainly they often falsely appear, to have come in sud- 
denly on the several geological stages ? Why do we not 
find great piles of strata beneath the Silurian sptem, 
stored with the remains of the progenitors of the Silurian 
groups of fossils? For certainly on my theory such 
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proved ; and when they do spread, if discovered in a 
geological formation, they will appear as if suddenly 
created there, and will be simply classed as new species. 
Most formations have been intermittent in their ac- 
cumulation ; and their duration, I am inclined to believe, 
has been shorter than the average duration of specific 
forms. Successive formations are separated from each 
other by enormous blank intervals of time ; for fossili- 
ferous formations, thick enough to resist future de- 
gradation, can be accimiulated only where much sedi- 
ment is deposited on the subsiding bed of the sea. 
During the ^temate periods of elevation and of station- 
ary level the record will be blank. During these latter 
periods there will probably be more variability in the 
forms of life; during periods of subsidence, more ex- 
tinction. 

With respect to the absence of fossihferous formations 
beneath the lowest Silurian strata, I can only recur to 
the hypothesis given in the ninth chapter. That tlie 
geological record is imperfect aU will admit ; but that 
it is imperfect to the degree which I require, few will 
be inclined to admit. If we look to long enough in- 
tervals of time, geology plainly declares that all species 
have changed ; and they have changed in the manner 
which my theory requires, for they have changed slowly 
and in a graduated manner. We clearly see this in 
the fossil remains from consecutive formations invariably 
being much more closely related to each other, than are 
the fossils from formations distant from each other in 
time. 

Such is the sum of the several chief objections and 
difficulties which may justly be urged against my theory ; 
and I have now briefiy recapitulated the answers and 
explanations which can be given to them. I have felt 
these difficulties far too heavily during many years to 
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unintentionally exposes organic beings to new conditions 
of life, and then nature acts on the organisation, and 
causes variability. But man can and does select the 
variations given to him by natiu-e, and thus accumulate 
them in any desired manner. He thus adapts animals 
and plants for his own benefit or pleasure. He may do 
this methodically, or he may do it unconsciously by pre- 
serving the individuals most useful to him at the time, 
without any thought of altering the breed. It is cer- 
tain that he can largely influence the character of a 
breed by selecting, in each successive generation, indi- 
vidual difierences so slight as to be quite inappreciable 
by an uneducated eye. This process of selection has 
been the great agency in the production of the most 
distinct and useful domestic breeds. That many of the 
breeds produced by man have to a large extent the cha- 
racter of natural species, is shown by the inextricable 
doubts whether very many of them are varieties or 
aboriginal species. 

There is no obvious reason why the principles which 
have acted so efficiently imder domestication should not 
have acted under nature. In the preservation of favoured 
individuals and races, during the constantly-recuirent 
Struggle for Existence, we see the most powerful and 
ever-acting means of selection. The struggle for exist- 
ence inevitably follows from the high geometrical ratio 
of increase which is common to all organic beings. 
This high rate of increase is proved by calculation, by 
the effects of a succession of peculiar seasons, and by 
the results of naturalisation, as explained in the third 
chapter. More individuals are bom than can possibly 
survive. A grain in the balance will determine which 
individual shall live and which shall die, — which variety 
or species shall increase in number, and which shall 
decrease, or finally become extinct. As the indi- 
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yet should follow nearly the same instincts ; why the 
thrush of South America, for instance, lines her nest 
with mud like our British species. On the view of 
instincts having been slowly acquired through natural 
selection we need not marvel at some instincts being 
apparently not perfect and liable to mistakes, and at 
many instincts causing other animals to suffer. 

If species be only well-marked and permanent varie- 
ties, we can at once see why their crossed offspring 
should foUow the same complex laws in their degrees 
and kinds of resemblance to their parents, — ^in being ab- 
sorbed into each other by successive crosses, and in other 
such points, — as do the crossed offspring of acknow- 
ledged varieties. On the other hand, these would be 
strange facts if species have been independently created, 
and varieties have been produced by secondary laws. 

If we admit that the geological record is imperfect 
in an extreme degree, then such facts as the record 
gives, support the theory of descent with modification. 
New species have come on the stage slowly and at 
successive intervals; and the amount of change, after 
equal intervals of time, is widely different in different 
groups. The extinction of species and of whole groups 
of species, which has played so conspicuous a part in the 
history of the organic world, almost inevitably follows 
on the principle of natural selection ; for old forms will 
be supplanted by new and improved forms. Neither 
single species nor groups of species reappear when the 
chain of ordinary generation has once been broken. 
The gradual diffusion of dominant forms, with the slow 
modification of their descendants, causes the forms of 
life, after long intervals of time, to appear as if they 
had changed simultaneously throughout the world. The 
fact of the fossil remains of each formation being in 
some degree intermediate in character between the 
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fossils in the formations above and below, is simply 
explained by their intermediate position in the chain of 
descent. The grand fact that all extinct organic beings 
j belong to the same system with recent beings, falling 
either into the same or into intermediate groups, follows 
from the living and the extinct being the offspring 
of common parents. As the groups which have de- 
scended from an ancient progenitor have generally 
diverged in character, the progenitor with its early de- 
scendants will often be intermediate in character in 
comparison with its later descendants ; and thus we can 
see why the more ancient a fossil is, the oftener it stands 
in some degree intermediate between existing and allied 
groups. Eecent forms are generally looked at as being, 
in some vague sense, higher than ancient and extinct 
forms ; and they are in so far higher as the later and 
more improved forms have conquered the older and less 
improved organic beings in the struggle for life. Lastly, 
the law of the long endurance of allied forms on the 
same continent, — of marsupials in Australia, of edentata 
in America, and other such cases, — is intelligible, for 
j within a confined country, the recent and the extinct 
will naturally be allied by descent 

Looking to geographical distribution, if we admit that 
there has been during the long course of ages much 
migration from one part of the world to another, owing 
to former climatal and geographical changes and to 
the many occasional and unknown means of dispersal, 
then we can imderstand, on the theory of descent with 
modification, most of the great leading facts in Distribu- 
tion. We can see why there should be so striking a 
parallelism in the distribution of organic beings through- 
out space, and in their geological succession throughout 
time ; for in both cases the beings have been connected 
by the bond of ordinary generation, and the means of 
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modification have been the same. We see the full 
meaning of the wonderful fact, which must have struck 
every traveller, namely, that on the same continent, 
under the most diverse conditions, under heat and cold, 
on mountain and lowland, on deserts and marshes, most 
of the inhabitants within each great class are plainly 
related ; for they will generally be descendants of the 
same progenitors and early colonists. On this same 
principle of former migration, combined in most cases 
with modification, we can understand, by the aid of the 
Glacial period, the identity of some few plants, and the 
close alliance of many others, on the most distant moun- 
tains, under the most different climates ; and hkewise 
the close alliance*of some of the inhabitants of the sea 
in the northern and southern temperate zones, though 
separated by the whole intertropical ocean. Although 
two areas may present the same physical conditions of 
life, we need feel no surprise at their inhabitants being 
widely different, if they have been for a long period 
completely separated from each other ; for as the rela- 
tion of organism to organism is the most important of 
all relations, and as the two areas will have received 
colonists from some third source or from each other, at 
various periods and in different proportions, the course 
of modification in the two areas will inevitably be 
different. 

On this view of migration, with subsequent modifica- 
tion, we can see why oceanic islands should be inhabited 
by few species, but of these, that many should be 
peculiar. We can clearly see why those animals which 
cannot cross wide spaces of ocean, as frogs and terrestrial 
mammals, should not inhabit oceanic islands ; and why, 
on the other hand, new and peculiar species of bats, 
which can traverse the ocean, should so often be found 
on islands far distant from any continent. Such facts 
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asserted that organic beings in a state of nature are 
subject to no variation ; it cannot be proved that the 
amount of variation in the course of long ages is a 
limited quantity ; no clear distinction has been, or can 
be, drawn between species and well-marked varieties. 

It cannot be maintained that species when intercrossed 
are invariably sterile, and varieties invariably fertile; ( 
or that sterility is a special endowment and sign of / 
creation. The belief that species were immutable pro- ) 
ductions was almost unavoidable as long as the history \ 
of the world was thought to be of short duration ; and 
now that we have acquired some idea of the lapse of 
time, we are too apt to assume, without proof, that the 
geological record is so perfect that it would have 
afforded us plain evidence of the mutation of species, 
if they had undergone mutation. 

But the chief cause of our natural unwillingness to 
admit that one species has given birth to other and 
distinct species, is that we are always slow in admitting 
any great change of which we do not see the interme- 
diate steps. The difficulty is the same as that felt by 
so many geologists, when Lyell first insisted that long 
lines of inland cliffs had been formed, and great valleys 
excavated, by the slow action of the coast-waves. The 
mind cannot possibly grasp the full meaning of the 
term of a hundred million years; it cannot add up 
and perceive the fuU effects of many slight variations, 
accumulated during an almost infinite number of ge- 
nerations. 

Although I am fully convinced of the truth of the 
views given in tliis volume xmder the form of an 
abstract, I by no means expect to convince experienced 
naturalists whose minds are stocked with a multitude 
of facts all viewed, during a long course of years, from 
a point of view directly opposite to mine. It is so easy 
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sideration than it is at present; for differences, liow- 
ever slight, between any two forms, if not blended by 
intermediate gradations, are looked at by most natural- 
ists as sufficient to raise both forms to the rank of 
species. Hereafter we shall be compelled to acknow- 
ledge that the only distinction between species and 
well-marked varieties is, that the latter are known, or 
believed, to be connected at the present day by inter- 
mediate gradations, whereas species were formerly thus 
connected. Hence, without quite rejecting the con- 
sideration of the present existence of intermediate gra- 
dations between any two forms, we shall be led to weigh 
more carefully and to value higher the actual amount 
of difference between them. It is quite possible that 
forms now generally acknowledged to be merely varie- 
ties may hereafter be thought worthy of specific names, 
as with the primrose and cowslip ; and in tliis case 
scientific and common language will come into accord- 
ance. In short, we shall have to treat species in the 
same manner as those naturalists treat genera, who 
admit that genera are merely artificial combinations 
made for convenience. This may not be a cheering 
prospect ; but we shall at least be freed from the vain 
search for the undiscovered and undiscoverable essence 
of the term species. 

The other and more general departments of natural 
history will rise greatly in interest. The terms used by 
naturalists of affinity, relationship, community of type, 
paternity, morphology, adaptive characters, rudimentary 
and aborted organs, «S5C., will cease to be metaphorical, 
and will have a plain signification. WTien we no longer 
look at an organic being as a savage looks at a ship, as at 
something wholly beyond his comprehension ; when we 
regard every production of nature as one which has had 
a history ; when we contemplate every complex structure 
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and instinct as the summing up of many contrivances, 
each useful to the possessor, nearly in the same way as 
when we look at any great mechanical invention as the 
summing up of the labour, the experience, the reason, 
and even the blunders of numerous workmen ; when we 
thus view each organic being, how far more interesting, 
I speak from experience, will the study of natural 
history become ! 

A grand and almost untrodden field of inquiry will 
be opened, on the causes and laws of variation, on corre- 
lation of growth, on the effects of use and disuse, on 
the direct action of external conditions, and so forth. 
The study of domestic productions will rise immensely 
in value. A new variety raised by man will be a far 
more important and interesting subject for study than 
one more species added to the infinitude of already 
recorded species. Our classifications will come to be, as 
far as they can be so made, genealogies ; and will then 
truly give what may be called the plan of creation. 
The rules for classifying will no doubt become simpler 
when we have a definite object in view. We possess no 
pedigrees or armorial bearings ; and we have to dis- 
cover and trace the many diverging lines of descent in 
our natm*al genealogies, by characters of any kind which 
have long been inherited Rudimentary organs will 
speak infallibly with respect to the nature of long-lost 
structures. Species and groups of species, which are 
called aberrant, and which may fancifully be called 
living fossils, will aid us in forming a picture of the 
ancient forms of life. Embryology will reveal to us the 
structure, in some degree obscm-ed, of the prototypes of 
each great class. 

When we can feel assured that all the individuals of 
the same species, and all the closely allied species of 
most genera, have within a not very remote period de- 
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scended from one parent, and have migrated from some 
one birthplace ; and when we better know the many 
means of migration, then, by the light which geology 
now throws, and will continue to throw, on former 
changes of climate and of the level of the land, we shall 
surely be enabled to trace in an admirable manner the 
former migrations of the inhabitants of the whole world. 
Even at present, by comparing the differences of the 
inhabitants of the sea on the opposite sides of a conti- 
nent, and the nature of the various inhabitants of that 
continent in relation to their apparent means of immigra- 
tion, some light can be thrown on ancient geography. ' 
The noble science of Geology loses glory from the 
extreme imperfection of the record. The crust of the 
earth with its embedded remains must not be looked at 
as a well-fiUed museum, but as a poor collection made 
at hazard and at rare intervals. The accumulation of 
each great fossiliferous formation will he recognised as 
having depended on an unusual concurrence of circum- 
stances, and the blank intervals between the successive 
stages as having been of vast duration. But we shall 
be able to gauge with some security the duration of 
these intervals by a comparison of the preceding and 
succeeding organic forms. We must be cautious in 
attempting to correlate as strictly contemporaneous 
two formations, which include few identical species, 
by the general succession of their forms of life. As 
species are produced and exterminated by slowly act- 
ing and stiU existing causes, and not by miraculous 
acts of creation and by catastrophes ; and as the most 
important of all causes of organic change is one which 
is almost independent of altered and perhaps suddenly 
altered physical conditions, namely, the mutual relation 
of organism to organism, — the improvement of one being 
entailing the improvement or the extermination of 
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others ; it follows, that the amount of organic change in 
the fossils of consecutive formations probably serves as a 
fair measure of the lapse of actual time. A number of 
species, however, keeping in a body might remain for a 
long period unchanged, whilst witW this same period, 
several of these species, by migrating into new coxmtries 
and coming into competition with foreign associates, 
might become modified; so that we must not overrate 
the accmn,cy of organic change as a measure of time. ' 
During early periods of the earth’s histoiy, when the 
forms of life were probably fewer and simpler, the rate 
of change was probably slower ; and at the first dawn 
of life, when very few forms of the simplest structure 
existed, the rate of change may have been slow in an 
extreme degree. The whole history of the world, as at 
present kno^vn, although of a length quite incompre- 
hensible by us, wiU hereafter be recognised as a mere 
fragment of time, compared with the ages which have 
elapsed since the first creature, the progenitor of innu- 
merable extinct and living descendants, was created. 

In the distant future I see open fields for far more 
important researches. Psychology will be based on a 
new foundation, that of the necessary acquirement of 
each mental power and capacity by gradation. Light 
will be thrown on the origin of man and his history. 

Authors of the highest eminence seem to be fully 
satisfied with the view that each species has been inde- 
pendently created. To my mind it accords better with 
what we know of the laws impressed on matter by the 
Creator, that the production and extinction of the past 
and present inhabitants of the world should have been 
due to secondary causes, like those determining the 
birth and death of the individual. When I view all 
beings not as special creations, but as the lineal de- 
scendants of some few beings which lived long before the 
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first bed of the Silurian system was deposited, they seem 
to me to become ennobled. Judging from the past, we 
may safely infer that not one living species will trans- 
mit its unaltered likeness to a distant futurity. And of 
the species now living very few will transmit progeny 
of any kind to a far distant futurity ; for the manner in 
which all organic beings are grouped, shows that the 
greater number of species of each genus, and all the 
species of many genera, have left no descendants, but 
have become utterly extinct. We can so far take a ‘ 
prophetic glance into futurity as to foretel that it wUl 
be the common and widely-spread species, belonging to ^ 
the larger and dominant groups, which will ultimately \ 
prevail and procreate new and dominant species. As 
all the living forms of life are the lineal descendants of 
those which lived long before the Silurian epoch, we 
may feel certain that the ordinary succession by genera- 
tion has never once been broken, and that no cataclysm 
has desolated the whole world. Hence we may look 
with some confidence to a secure future of equally in- 
appreciable length. And as natural selection works 
solely by and for the good of each being, all corporeal 
and mental endowments will tend to progress towards 
perfection. 

It is interesting to contemplate an entangled bank, 
clothed with many plants of many kinds, with birds 
singing on the bushes, with various insects flitting about, 
and with \rorms crawling through the damp earth, and 
to reflect that these elaborately constructed forms, so 
different from each other, and dependent on each other 
in so complex a manner, have all been produced by 
laws acting around us. These laws, taken in the largest 
sense, being Growth with Eeproduction ; Inheritance 
which is almost implied by reproduction; Variability 
from the indirect and direct action of the external cou- 
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